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Wall Structure and Closing Mechanisms of the Bovine Teat 


W. D. POUNDEN, D.V.M., Ph.D.. AND JAMES D. GROSSMAN, G.Ph., D.V.M. 


Wooster, Ohio, and Columbus, Ohio 


FEW TISSUES of animal bodies are exposed 
to as much rigorous manipulation and risk 
of injury as the cow’s teat. The develop- 
ment of protective methods against occupa- 
tional injuries to this part of the mam- 
mary gland and improved methods of surgi- 
cal repair of its tissues are dependent 
upon knowledge of its anatomy and the 
function of its various structures. This re- 
port concerns both structural and func- 
tional aspects of the teat wall and the out- 
let of the lactiferous duct. 


THE TEAT WALL 


The teat wall quite generally is regarded 
as being composed of three layers, a thin 
layer of skin closely adherent to an under- 
lying muscular layer and a mucous mem- 
brane.*:? The second layer of the teat wall 

the muscular or intermediate layer—also 
contains bundles of collagenic and elastic 
fibers and many vessels.?.'’ The superficial 
bundles of smooth muscle are largely longi- 
tudinal while, in the deeper portions, the 
bundles become more of the circular type.’ 
The circular muscle is especially heavy 
about the outlet and forms a sphincter for 
the canal.’ The muscle fibers are embedded 
in elastic and white, fibrous connective 
tissue.” The smooth muscle sphincter of 
the teat of the heifer appears in small 
bundles separated by considerable connec- 
tive tissue as opposed to that in the mature, 
pregnant, and lactating cow, in which the 
circular muscle appears in large bundles 
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and is separated by relatively little connec- 
tive tissue.'* 

The mucosa, or third layer of the wall of 
the teat cavity, is composed of two layers 
tall columnar ones resting on quite 
low cells on a thin basement membrane.'* 
A layer of connective tissue of varying 
thickness lies between the basement mem- 
brane and the intermediate layer and is 
referred to as the lamina propria.’.* Im- 
mediately deep to the basement membrane, 
the structure is similar to that of the papil- 
lary layer of the skin.* It becomes more 
dense and contains bundles of collagenic 
fibers where it unites with the middle layer 
of the wall.’ 

The epithelium in the lactiferous outlet 
(streak canal, teat duct, papillary duct) 
differs from that in the teat cavity, being 
stratified squamous with the change occur- 
ring abruptly at the location of Firsten- 
berg’s rosette.'" Thick papillary and reticu- 
lar layers form a heavy mass of connective 
tissue under and upon which the epithelial 
layer of the outlet lies.’ A variable number 
of longitudinal folds, usually three or more, 
are present in the mucosa of the teat. Many 
of them begin as folds in the lactiferous 
outlet, continue as part of Firstenberg’s 
rosette, and extend through the cavity of 
the teat to join in the trabeculae in the 
lactiferous sinus.?.'* Transverse folds also 
are frequently visible, such as are pictured 
in an illustration by Sisson and Grossman." 
Transverse folds or annular rings, which 
are located at the juncture of the teat cavity 
with the lactiferous sinus, are quite vari- 
able.” They sometimes are observed to be 
abnormally prominent, the incidence being 
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reported as 6.0 per cent by Rackow'® and by 
Arnold' as 4.7 per cent. Pockets formed by 
the junction of transverse and longitudinal 
folds are present in 70 per cent of teats 
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sected away from the adjacent layers in what 
The 


joined 


was a mucosa 
(fig 1 a. A) of the the 
epithelium of the lactiferous outlet, and it, in 


apparently single layer 


teat cavity 


Fig. | a—Teat wall: (A) mucosa of teat cavity and outlet: (B) inner fibrous layer: (C) intermediate 
layer; and (D) skin and accompanying fibrous layer (inside out) 


EXPERIMENTAL 


Dissection of teats in the fresh state showed 
may he 
‘ 


that a fibrous layer separated quite 
readily from between the and the 
intermediate layers, This than 
ly the connective tissue layer called the lamina 
lying 
miu- 
three 
recognized 


mucosa 
Was more like 
mucosa and described a: 
ane of the 


intermediate layer he 


propria of the 
the 
cosa and the 
layers, which are quite 
along with this fourth, fibrous layer dissected 
out illustrated in the accom 
panying photograph and diagram (fig. 1 a and 
1b). This shows the skin and its 
accompanying fibrous layer as a single piece 
(fig 1 a, D) and joined to the inner fibrous 
layer 1 a, B) he figures illustrate that 
the corium of the skin and the 
layer were continuous with one another through 
the region of the lactiferous outlet. This might 
embryologically, the 
the skin 
con peo ed 


het ween basement membyr 


generally 
separately, are 
dissection 


‘fig 


inner fibrous 


be expected inasmuch ns, 
from 
laver (fie. la, ©) 


gland develop vagination of 
The 
of smooth Mm isc] 
with 


was 


intermediate 


buted le t 


onnective tis 


numerous and ves 


soft and rubbery to * touch and 


turn, connected with the epithelium of the skin 

The epithelial lactiferous out- 
let and its were observed to 
be comparatively easy to from the sur- 
rounding tissues, once a shallow circular inci 
was made around the external orifice of 
This ease of separation probably ex- 


lining of the 
supporting fibers 


free 


sion 
the teat 
plains why these tissues are 


found sometimes 


extruding from the ends of teats which have 
stepped on or crushed 

The fact that 
mucosa can be readily 
to indicate that the fibrous layer should be con- 
sidered a separate layer and not merely a sub- 
section of the In further support of 
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this, the fibrous layer seemed more adherent 
to the intermediate layer than the mucosa. It 
showed considerable tension, even more so than 
the other layers, and, consequently, may play 
a prominent role in maintaining the normal 
form of the teat. In surgical repair of pen- 
etrating wounds of the teat wall, it should be 
possible to keep fistulas to a minimum when 
the edges of the fibrous layer are brought into 
close apposition without any part of the mucosa 
protruding between them. 

A number of teats were fixed in the dis- 
tended position such as would exist when intra- 
mammary pressure was sufficient to cause milk 
to flow through them. This was accomplished 
by submerging them in 10.0 per cent form- 
aldehyde and at the same time flowing sim- 
ilar solution through them under sufficient 
gravity flow pressure to maintain a constant 
stream through the lactiferous outlets. The 
teats were attached to pieces of tubing by 
tightly tying some of the adjoining udder skin 
and tissues around them with pieces of cord. 

A point emphasized by this fixing technique 
was that the walls of teats elongated to a con- 
siderable degree beyond the normal resting 
position. Some increased almost an inch in 
length. At the same time, the walls, includ- 
ing the tissues around the lactiferous outlet, 
decreased in thickness (fig. 2) to about half 
that when in the resting position, a detail in 
agreement with the observations of others.** 

This method of fixing caused the transverse 
iolds, especially those at the proximal end of 
the teat cavity, to appear very prominent in 
some teats. Some of these large proximal 
folds were observed to be entirely separate 
from the glandular tissues. In other teats, 
these uppermost folds were absent or appar- 
ently were closely united with the distal parts 
of the glandular tissues. Submucosal veins 
frequently were more visible in teats fixed 
under pressure than in those fixed in resting 
states. 


THE CLOSING MECHANISM OF THE OUTLET 
OF THE LACTIFEROUS DucT 


The smooth muscle in the vicinity of the 
outlet of the lactiferous duct is quite gener- 
ally mentioned as being active in maintain- 
ing closure of the outlet.®.*'''5 Fiirsten- 
berg’s rosette provides a second mechanism 
for preventing leakage of milk because the 
loose folds press down against the duct 
opening.” ® A thickening of the walls of the 
outlet, an overstimulation by the nerves of 
the muscle lavers surrounding the outlet, or 
possibly the presence of large amounts 0; 
elastic connective tissue have been !isted as 
possible causes of hard milkers.° 
The smooth muscle bundles around the 
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outlet are reported to be kept under con- 
stant tension by impulses from the auto- 
nomic nervous system Blocking of the 
inguinal nerve tended to temporarily relax 
the sphincter to some extent, although sec- 
iioning of this nerve did not affect the 
normal “let-down” of milk.2 Teats are 
capable of retaining milk even after the 
udder and all the nerves are excised.” This 
raises the question as to whether the nerves 
or the muscle bundles are as important in 
the functioning of the closing mechanism of 
the teat as generally regarded. 


EXPERIMENTAI 


Should muscle fibers under the control of 
nerve stimuli be of marked significance in 
maintaining closure of the outlet, then logically 
there should be a difference between the pres- 
sure required to open the outlets when a cow 
is alive and after slaughter. A limited 
number of trials were made in an effort to 
obtain data on this point 

Cows’ udders were filled with milk through 
needles in the walls of the teats, or through 
milk tubes, until pressures were reached which 
would result in the teats leaking slightly. The 
pressures were recorded in millimeters of mer 
cury and the experiment was repeated on the 
same udders after slaughter. When needles 
were used, the milk was forced in until the 
teats began to leak, at which time the pres- 
sure was recorded When the milk was in- 


Fig. 2—Inside of teat ends fixed under flowing pressure 
{larger} and in resting positions (smaller). Fursten 
berg's rosette is formed by the light colored, promi- 
nent segments producing the ring surrounding the 
orifice in the center. 
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jected through a milk tube, sufficient milk was 
put in under pressure to cause the teat to leak 
on withdrawal of the tube. The pressure was 
recorded when it reached the that the 
teat almost stopped leaking case, the 
teats were severed from the after the 
recordings had been made and placed in the 
refrigerator for a month. They were then 
attached bo glass tubes, were held upright, and 
the tubes filled until such time as the teats 
began to leak. The pressure necessary 
cause them to leak was then recorded for com- 
parison with the figures obtained previously. 

Like the experiences of Espe and Cannon’ 
using a sphygmomanometer clamped-off 
teats, some difficulty was experienced in prop- 
erly controlling all factors which might in- 
fluence the results. For instance, needles 
passed through the walls of the teats some- 
times caused hemorrhages the teats, 
which resulted in small clots, and occasionally 
these would obstruct the outlet. Then again, 
the repeated passage of milk tubes through the 
lactiferous outlet, even when done as carefully 
as was possible, tended to cause some varia- 
However, for the purpose for which 
they were used here, the measurements were 
considered to be reasonably satisfactory. Table 
1 is a summary of the intramammary 
sures which were required to cause 
leaking of milk through the teats of a few cows 
both before and after slaughter. Information 
is provided on the method of injecting the milk 
used to enter the 
Even though 
ante- 


point 
In 


udder 


to 


on 


inside 


tions. 


pres- 
slight 


into the udder and the mean 
udder for making the recordings 
some differences were 
and postmortem figures (table 1), they are 
sufficiently comparable to indicate that the 
closing mechanism of the teat must depend to 
quite an extent on factors other than nerve 
stimuli to the muscle bundles, Un- 


recorded between 


smooth 
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doubtedly, Fiirstenberg’s rosette plays a role 
in the operation of keeping the canal closed, 
as was discussed by others."* The ability of 
teats to through them following 
removal of the majority of their ends lends 
support to the belief that the rosette area func- 
tions in this respect. It has been suggested 
that ballooning of the teat on application of 
pressure flattens out Fiirstenberg’s rosette 
until it no longer interferes with the escape 
of milk. For practical purposes, such appar- 
ently oceurs, but it appeared from our study 
that the operation involved more than a flat- 
tening of the segments of the rosette alone, 
especially in teats having prominent rosettes. 
The location of the the rim of 
the opening seemed to give them an ability to 
act as though elevated above the surrounding 
mucosa and thus able to form the lips of a 
valve. In order to open the lips, the segments 
were required to be pulled apart. This was 
accomplished, apparently, by the cordlike folds 
in the mucosa of the teat wall which continued 
dorsally to join in the trabeculae. These folds 
were more readily discernible in teats which 
were not distended. The walls of the teat 
cavity bulged outward when liquids were pres- 
ent under pressure and drew the cordlike folds 
with them. This pulled the segments of the 
rosette apart and produced a funnel for the 
liquids to pass through. This effect the 
segments of the rosette was visible to some 
extent in the inside of the ends of the 
teats which were fixed in the distended posi- 
(fig. 2). 
Teats which 
udder and from 
moved were still able t 
indicated that structures were in- 
volved. The presence of elastic tissue fibers 
both in the upper and lower parts of teat walls 
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TABLE !—Comparative Intramammary Pressures Required to Produce Slight Leaking by Teats of Cows at 
Ante- and Postmortem Examination 


Pres 
Antemortem 


sure mm. 


refrigerated 


r 


and 


ar) f injectior 


neasuring 

measured 
measured 
measured 
measured 
measured 
measured 
measured 

measured 

easured 
measured 
measured 


easured 


Cow Teat Postmortem 
nik 20 os ‘ t 
: Lt Teat tube 
RF 12 reat tube 
D4 nit 22 Needle fr 
Lk 18 i e it 
LF 1s 14 Needle tr 
4 Ri 20 1} Needle nj 
KE ! 9, 13° Teat tube 
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15, 12° Teat tube injected and mi! 
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has been mentioned by others.*” They were 
noticeably plentiful in the region of lactiferous 
outlets. Those associated with the heavy mass 
of connective tissue upon which the lactiferous 
outlet epithelium rests tended to be in organ- 
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served still to be capable of retaining liquids 
to a comparatively marked degree. Conse- 
quently, it would seem rather likely that the 
elastic tissues play a significant part in main- 
taining closure of the lactiferous outlet. 


ig. 3—Transverse section of teat in the region of the outlet of the lactiferous duct (x 100 and 


enlarged to approximately « 170): 


(A) epithelium basement membrane; (B) area of elastic fibers 


in circular formation around outlet; and (C) in scattered formation. Weigert's stain. 


Fig. 4—Area of elastic fibers in circular formation around outlet. Similar to B in fig. 3 (x 440 and 
enlarged to approximately « 700). Weigert's stain. 


Fig. 5—Area of elastic fibers in scattered formation. Similar to C in fig. 3 (x 440 and enlarged 
to approximately « 700). Weigert's stain. 


ized, straight bands (fig. 3 and 4), as though 
under tension in circular formation around the 
outlet. They presented quite a contrast to 
the more crisscrossed and scattered appearance 
of those located more laterally (fig. 3 and 5). 
The skin, muscles, and other tissues, with the 
epithelium and the support 
tissues and asso- 
were cut away from 
The teats were ob- 


exception of the 
ing layers of connective 
ciated elastic fibers, 
around the ends of teats. 


Desquamated epithelial cells from the walls 
of lactiferous outlets formed waxlike masses 
in the outlet Although this cellular débris 
was present in all teats examined, the greater 
quantities were in those from dry cows in 
which it was not unusual to observe quite 
firm plugs. When teats were cut open, these 
masses of cellular débris were noted to be 
rather easily rubbed off. 

It was observed that lactiferous 


outlets, 
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from which most of the desquamated cells had 
frequently small 
bet weer the longitudinal 


been removed, contained 


amounts of milk 
fold«. On the other hand, only small traces or 
no milk at al! remained between the folds in 
outlets in which the cellular débris was present 


in appreciable quantities This seemed to be 
due to the fact that the masses ef cells not 
only filled the area between the folds of the 
epithelium, but also had milk-repellent prop 
erties which prohibited milk from remaining 
between the surfaces of the masses. It ap- 


pears, therefore, that these masses of cells 


may be another factor tn maintaining closure 
of the lactiferous outlet, perhaps not so much 
against the outflow of milk as against penetra- 
tion by foreign mate rials. The relative pres 
ence of masses of cellular débris in outlets 


conceivably may be a factor in the Invasion of 
In the presence 


udders by mastitis infections 
of milk residues, a pathway would be provided 
for growth of the organisms up through the 
outlets. 

A comparison was made of the extent of 
the removal of the cellular débris from out- 
lets by hand milking, machine milking, and by 


calf sucking, using severed teats attached to 
tubes in a manner to permit flowing liquids 
through them The results indicated that 
j hand milking removed the least and the ma 


chine the most, more especially when the 


action was prolonged for several minutes, 
including periods during which liquids were 
not flowing through the teats, In cases of teat 


much of the desquamated epithe 


erosion, 
lial mass probably would be removed 

It appears, therefore 
are probably involved tu 
of the outlet of the lactiferous duct muscle 
elastic fibers, 


that four structures 


maintaining ciosure 


bundles, Fiirstenberg’s rosette 


and desquamated epithelial cells Indications 
are that Fiirstenberg’s rosette and elastic 


fibers may play roles at least as important as 


muscle bundles. 


SUMMARY 


Dissection of the wall of the teat of the 
cow indicated that the connective tissue 
laver lying between the intermediate laver 
and the mucosa probably should be con 
sidered as a separate layer and not a part af 
From a surgical standpoint 


the mucosa 
this means recognition of the following 


the skin and the outer fibrous layer, 
inner fibrou 


avers 


the intermediate layer, the 


layer, and the mucosa 
Fixation of teats under sufficient internal 
pressure to simulate conditions of milk 


passing through the outlet of the lac tiferous 
duct showed that the teat walls under such 
conditions became elongated and consider- 
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ably thinner in comparison to resting states, 
an observation in agreement with the find- 
ings of others. Transverse folds sometimes 
became prominently visible, especially thos 
at the proximal end of the teat cavity. In 
come teats, these folds were observed to 
be entirely separate from the glandular 
tissues, while in others, they were absent 
or closely united to them. 

Rather similar recordings were obtained 
for the ante- and postmortem intramam- 
mary pressures which teats were able to 
retain without leaking. This was inter- 
preted to indicate that mus¢ le fibers under 
the control of nerve stimuli were unlikely 
to be responsible alone for maintaining 
closure of the outlet of the lactiferous duct 
On the basis of the results of various 
examinations, four structures appeared to 
be involved in this operation: the muscle 


bundles, Fiirstenberg’s rosette, elastic 
fibers, and desquamated epithelial cells. 
Fiirstenberg’s rosettes and elastic fibers 


seemed to play roles at least as important 
as muscle bundles in milk retention. Milk 
remaining between the folds in outlets, and 
which could provide a pathway for growth 
of bacteria through teats, appeared to be 
least in outlets having relatively large quan- 
tities of desquamated epithelial cells pres- 
ent 
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BOVINE HYPERKERATOsIS (hyperkeratosis or 
X disease) appears to be a distinct disease 
entity of bovine animals, according to the 
observations of many reporters. 
1, 1, 14 So far, no conclusive evi- 
dence has been presented with respect to 
etiology of this disease. Among etiologic 
factors considered have been a transmissible 
infectious agent, nutritional components, 
and toxic substances. '*.7 The disease has 
not been experimentally reproduced. Re- 
ports indicate bovine hyperkeratosis to be 
widespread in the United States.’ Observa- 
tions on the circumstances surrounding the 
various outbreaks have led to confusion 
rather than a rational pattern of factors 
involved. 

An outbreak of bovine hyperkeratosis in 
a group of calves belonging to the Nebraska 
Agricultural Experiment Station afforded 
an unusual opportunity to study the disease. 
This occurred in an experimental group of 
calves arranged to test the efficiency of 
different types of rations for wintering of 
beef calves in dry lots. The observations 
suggest the association of certain nutri- 
tional factors with bovine hyperkeratosis 
and constitute the basis for this report. 
Also included are certain other observations 
related to the outbreak. 


MATERIALS AND METHODS 
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The Relation of Feed to an Outbreak 
Hyperkeratosis 


CARL OLSON, JR., D.V.M., M.S.. Ph.D. R. H. COOK, D.V.M., M.S., 
and E. M. BROUSE, B.Sc. 


Lincoln, Nebraska, and Valentine, Nebraska 


of Bovine 


periment Station maintains a substation 
located at Valentine, Cherry County, Neb. 
For more than twenty years, the animal hus 
bandry department has conducted trials on 
the winter feeding rations of calves in dry 
lot somewhat similar to that begun in Novem- 
ber, 1948 

On Nov. 4, 1948, 162 yearling Hereford 
calves were received at the substation for the 
feeding experiment. The calves were all raised 
on one ranch located about 50 miles from Val- 
entine. Thirty heifers and 200 steers from 
the same calf crop were sold to another rancher 
in the vicinity. The 162 calves were fed prairie 
hay and a supplement of 1 lb. of oats and \4 
lb. of soybean-oil meal per calf until they were 
placed in lots and the feeding of test rations 
begun on Nov. 19, 1948. The calves were 
arranged in 16 lots of 10 calves each, leaving 
2 extra calves. The feedstuffs for the calves 
consisted of prairie hay and various supple- 
ments. Two batches of prairie hay were fed, 
one harvested during 1948 and the other in 
1947. The supplements were all prepared in 
advance and the various components were 
formed into pellets by a commercial feed com- 
pany. In addition to the 160 calves in the 
feedlots, other cattle on the premises included 
2 extra calves from the same source as those 
on test feeding, 6 Shorthorn cows, 1 Shorthorn 
bull, and 7 calves born from the milk cows 
(3 in 1948 and 4 in 194%). 

The lots in which the calves were kept were 
arranged in two parallel rows running east and 
west. Each lot was approximately 26 by 100 ft. 
The adjacent lots were joined on the long 
dimension with a woven wire fence between 
them. Each pair of lots had a water tank 
along the fence, placed so that it would serve 
the cattle on both sides (fig. 1). No barn or 
shed space was provided. Along the north 
side of each set of lots was a high, solid fence 
to serve as a windbreal 

There was no sickness among the test calves 


until late in January, when emaciation was 
noted in 1 calf. The calf refused feed and a 
week later it had a sore mouth. The calf 
died Feb. 8, 1949. During the first week in 
February, 3° other calves were not eating well. 
These calves died in March. Veterinary service 
was not available in the vicinity of Valentine, 
and the record of the first part of the outbreak 
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is sketchy. Early in March, tongues from 2 
dead calves were submitted to the laboratory 
for examination Papillomas* on these tongues 
aroused a suspicion of bovine hyperkeratosis 
On March 16, the carcasses of 2 calves were 
brought to the laboratory for examination and 
a diagnosis of bovine hyperkeratosis was made 
Five affected calves were brought to the 
laboratory for study on April 4. These had 
died by May 2%. Plans were made to begin 
observations on the calves, but inclement 
weather following the severe blizzard of the 
winter prevented work until April 28, 1949 
Lice were reported rather common on the 
calves in February. Specimens of lice were 
taken from representative calves in eight lots 
in June. Two species, Bovicola bovis (Linneé) 
and Haematopinus eurysternus (Nitzsch) were 
found.** 

The calves were sprayed with “rotenox” 
about April 23 and again sprayed for flies 
with DDT on July 6 

Rations..The calves were fed prairie hay 
and various supplements. The supplements 
varied from lot to lot (table 4) The supple- 
ments included dehydrated alfalfa, dicalecium 
phosphate, soybean meal, cottonseed meal, urea, 
corn, and a carrier of vitamin A.} 

The calves of lot 1 received only prairie hay 
of the 1948 crop. Prairie hay of the 1947 crop 
was fed to lots 14, 15, and 16. Calves in all 
of the other lots received prairie hay of the 
1948 crop 

All of the calves had access to common salt 
in the form of the ordinary block salt for 
livestock. The drinking water came from the 
city of Valentine. The water was derived 
from a 160-ft. well driven through a stratum 
of red rock. A sample of this water was par- 
tially analyzed} with the following results 


Chloride (Cl) 1.00 p.p.m.‘ 


Nitrate (NQO,) 18.00 p.p.m. 
Boron (B) 00.00 p.p.m 
Dissolved solids 264.00 p.p.m. 
Selenium (Se) less than 0.01 p.p.m. 
Fluoride (FI) 0.10 p.p.m 
Specific conductance in microhm 

at 25 84.00 


The calves in lots 2, 5, and 6 began refusing 
to eat their pellet supplements during the 


latter part of February. During the first week 
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of March, an attempt was made to feed the 
calvea with a mixture of the pellets fed lots 
Sand 15 (94 
phosphat?) and their regular pellet supple- 
ment. The calves refused to eat this. On 
March 1, the calves in lot 2 were given 1 Ib. 
of soybean meal per calf per day. Lot 5 was 


soybean meal and dicalcium 


given soybean meal, 1 lb. per calf per day and 
ground, shelled corn, 1 lb. per day per calf. 
The calves in lot 6 were each fed 1 lb. daily 
of the pellet designed for lots 3 and 15 (soy- 
bean meal 94° and dicalcium phosphate 6% ). 
The supply of these pellets was exhausted 
about May 1 and from that time on, lots 6, 3, 
and 15 were fed soybean meal purchased 
locally. The calves in lots 2, 6, and 5 which 
were chang from the original ration of 
pellets took to their new rations rather slowly. 


Early in May, the calves in lot 1 began 
chewing at the board fences indicating an 
aphosphorosis. They were then provided with 
about 1/10 Ib. of steamed bone meal per calf 
daily. This seemed to satisfy their need for 
phosphorus and chewing on the fence stopped. 
Steamed bone meal was given at the rate of 
1/10 Ib. per calf per day to the calves in lots 


5, 6, and 9 beginning May 26 and was given 
to the calves in lots 7, 11, and 12 beginning 
June 1. A new lot of prairie hay was fed to 
all of the calves beginning June 1 

On May 12, the calves in all of the lots were 
changed from their original ration and given 
1 Ib. of soybean meal per calf per day. One 
exception was with the group of calves in lt 
1 that were continued on their ration of prairie 
hay alone. In other words, the original sup- 
plemental rations were not fed to any of the 
lots after May 12, and when the original sup- 
ply of prairie hay was exhausted, a new lot 
of prairie hay (1948 crop) was fed to the 
calves after June 1. With the exception of lot 
1, the supplemental ration fed all calves con- 
sisted of soybean meal, 1 lb., and steamed bone 
meal, 1/10 lb. per calf per day. Supplemental 
feeding of soybean meal to lot 1 was begun 
October 14. By this time, the calves were in 
rather poor physical condition and supplemen- 
tary fee 
for win 


wr seemed advisable to prepare them 

In general, the calves were kept in their 
original lot arrangements until June 20, 1949 
Several of the calves were moved to a hos- 
pital pen a few days before they died. By the 
end of May, all but 1 of the calves originally 
in lot 2 had died. In order to maintain contact 


with the disease for the calves occupying the 


adjacent lot 1, calves affected with the disease 


were moved fron ome other lots into 


lot 2. The population of sick calves in lot 2 
was maintained at from 5 to 10 calves. On 
June 20, 1949, th 


the exception of lot 1, were rearranged in order 


entire group of calves, with 


to provide for some new experimental trials. 
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On August 15, a number of the calves which 
had been free of evidence of bovine hyperkera 
for some time were 
pasture. 

Procedure of The plan for 
making observations on the outbreak of bovine 
hyperkeratosis consisted of leaving the calves 
in their original lots with no change of rations. 
Each of the calves in the test lots and the other 
cattle on the premises were individually ex- 
amined at intervals. These examinations were 
made April 28, May 12 and 26, June 9 and 30, 
July 21, August 11, September 1, etc. Further 
examinations were made but for the purposes 
of this report only the first eight examinations 
will be considered. These cover approximately 
four months, during which the disease was at 
its peak and diminished. 

The following specific symptoms, lesions, or 
abnormalities were looked for: (1) lacrima- 
tion; (2) emaciation (this was judged by the 
covering of fat over the ribs and was highly 
arbitrary); (3) salivation; (4) diarrhea; (5) 
skin with a rough approximation of 
their and extent; and (6) mouth 
lesions (particularly for the presence or 
absence of (a) papillomas in the oral cavity, 
(b) areas of ulceration or infection, (c) small, 
circumscribed red erythema, (d) 
crescentic areas of punctate congestion in the 
mucosa, and (e¢) a condition called beginning 
papilloma (this consisted of a slightly raised, 
roughened area of the definite 
enough to be called a papilloma). Rectal tem- 
calves were measured at the 
(103 F. or more was con- 
Other features under ob- 
servation infections about 
the head, infections of the eye and cornea, the 
condition of the horns, 


tosis permitted to go to 


Observations 


lesions 
location 


areas ol 


mucosa, not 


peratures of the 
time of observations 
sidered elevated) 


were abscesses 
etc. 


RESULTS 


The unusual circumstance of the outbreak 
occurring in a group of calves on experi- 
mental feeding trials permitted correlation 
of the disease with the feedstuffs given the 
different lots of calves. From an epizodtio- 
logic standpoint, the data could be examined 


5 calves died 


for evidence of contagion or transmission 
of the disease from lot to lot 
Mortality.—Death from  bevine hyper- 
keratosis occurred in seven of the 16 lots 
of calves. The first calves died in February 
and mortality continued through November. 
The highest mortality occurred during the 
month of May, when 15 calves died. The 


Fig. |—Arrangemen? of feeding lots to show the loce 

tion of water tanks (circle) and severity of bovine 

hyperkeratos's in the different lots. Upper figure is lot 

number, second figure indicates rating value for the 

disease, and the third figure followed by D indicates 
the number of calves that died. 


mortality ranged from 10 per cent in lot 15 
to 100 per cent in lots 2 and 9. Eight calves 
in lot 14 died, In lot 3, 5 calves died; lot 5, 


In general, the deaths from 


; any one lot were spread over a considerable 


period, For example, in lot 9, the deaths 
occurred during a period of eight months, 
Mortality in lot 5 occurred as follows: 1 in 
February, 2 in April, 1 in May, and 1 in 
August. Thus, these were spread over a 
period of seven months, The earliest severe 
death occurred in lot 6, in which 2 
calves died in February, 4 in March, and 2 
in April. The 2 calves of lot 6 
both sick but were 
the Sixteen 


loss 


remaining 
with the disease 
end of November. 


were 
living at 


TABLE 1—Classification of 142 Calves After Four Months of Bovine Hyperkeratosis Outbreak (April 28 


to September |, 
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Sick 
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calves, whose death was attributed to bovine 
hyperkeratosis, died prior to the beginning 
of organized observations on April 28. Of 
these 16, 7 were examined and diagnosed 
as bovine hyperkeratosis. It was assumed 
that the remaining 9, not examined by a 
veterinarian, died with the same disease, 
for the herdsman could ascribe no other rea- 
son. There were no deaths from bovine 
hyperkeratosis in lots 1, 4, 7, 8, 10, 11, 12, 
13, and 16. Two calves died from a cause 
probably unrelated to bovine hyperkera- 
tosis One of these belonged to lot 15 and 
was observed by a veterinarian on April 11. 
The calf died “‘with tremors and convulsions 
similar to those seen in prussic acid poison- 
ing; Signs or evidence of the disease such 
as shown by other typical calves in the lots 
were not present.”’ The other calf that died 
from an unrelated cause had been sprayed 
heavily with a benzene hexachloride solu- 
tion four days prior to its death; no necrop- 
sy was performed on this calf soth of 
these calves have been eliminated from con- 
sideration in the data 

Symptoms.—Since there were calves defi- 
nitely affected with bovine hyperkeratosis 
in lots in which no mortality occurred, it 
became obvious that a study of the symp- 
toms was necessary in order to establish 
any correlation between the extent of the 
disease in the different lots and feedstuffs 
given the calves. In the process of this 
analysis, a rating system was developed by 
which the relative significance of the differ- 
ent symptoms could be ascertained 

On the basis of eight observations made 
during a period of four months, the calves 
were divided into five groups. Twenty-six 
calves died with bovine hyperkeratosis and 
constitute one group. Two principal lesions 
of bovine hyperkeratosis ‘hyperkeratosis of 
the skin and papilloma of the mouth) were 
used as criteria for separating the remain- 
ing calves into four groups. Thirty calves 
remained negative and had shown neither 
hyperkeratosis of the skin nor oral papil- 
loma during the period of observation 
Twenty-one calves had either or both hyper- 
keratosis or oral papilloma at the end of 
the observation period and were regarded 


as calves continuously sick during this pe- 


riod. Forty calves had shown both hyper- 
keratosis and oral papilloma one or more 
times but were free of these lesions Septem- 
ber ] and were ct nsidered to be re overed 
cases of the disease. Twenty-five calves had 
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at no time shown oral papilloma but had at 
one or more times definite hyperkeratosis 
of the skin and were considered as suspects 
of the disease and recovered at the end of 
the observation period. 

The data were examined to ascertain the 
severity of the disease in the different lots, 
using the five classifications (died with the 
disease, continuously sick, sick and re- 
covered, suspect of the disease and re- 
covered, and negative). These data are 
arranged in table 1. There were striking 
differences between the lots. For example, 
all of the 10 calves in lot 1 were negative 
for the disease, all 6 of the remaining calves 
in lot 2 died of the disease, and in the other 
lots the calves were distributed between 
these two extremes. In some, such as Jot 3. 
2 calves died, 5 were continuously sick, and 
3 were definitely sick but recovered. In lot 
4, 3 calves were definitely sick and _ re- 
covered, 5 were suspect of the disease and 
recovered, and 2 remained negative. In 
those lots in which mortality occurred from 
the disease, there were no cases of calves 
suspect of the disease and recovered, or no 
negative calves (lots 2, 3, 5, 9, 14, and 15). 
A rather peculiar observation was that in 
each of lots 4, 7, 8, 11, 12, 13, and 16 from 
2 to 4 calves were negative. This suggests 
that in those lots where the disease was 
relatively mild, some of the calves failed to 
show definite evidence of the disease. 

The methods of comparing the lots related 
in the preceding paragraph left much to 
be desired. Consideration was not given to 
the other symptoms of bovine hyperkera- 
tosis and neither did it give weight to the 
duration of these symptoms. It was rea- 
soned that the frequency of the symptoms 
and lesions could be compared between the 
calves that were negative and the calves 
that were affected with the disease. The 
relative significance or importance of the 
symptoms would then be reflected in their 
difference of frequency between these two 
groups. 

In table 2, the data are shown with 
respect to frequency of the various symp- 
toms, This frequency was considered in two 
ways. One way was to base the frequency 
on the number of observations that were 
made on the calves of each group. For ex- 
ample, 21 calves were classified as being 
continuously sick during the four-month 
period of observation. During this time, 
eight observations were made on each calf, 
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therefore, the frequency of the symptoms 
was based on 168 observations. The second 
method of estimating the frequency of 
symptoms was to base it on the number of 
calves in the group. By this procedure, a 
calf was considered as having shown the 
symptom if it were exhibited even once dur- 
ing the four-month period of the outbreak. 
It will be apparent that both methods of 
arriving at frequency of symptoms have 
merit and that they should be used in com 
bination with each other. 

Three symptoms or lesions were not ob 
served at all among the group of negative 
calves, These were hyperkeratosis, papil- 
loma of the mouth, and infection about the 
head. All of the other symptoms or lesions 
indicated were seen in the group of nega- 
tive calves. Some of these symptoms, such 
as red crescent area of the mouth and red 
area of the mouth were seen with the same 
frequency in the negative group of calves 
as they were in the dead, sick, sick and re- 
covered, and suspect and recovered calves 
The condition of warts on the skin (com- 
mon bovine papilloma) was probably an 
unrelated disease. The frequencies of these 
skin warts in the continuously sick, sick 
and recovered, suspect and recovered, and 
negative calves, were remarkably uniform 
(7.1%, 6.2%, 6.5%, and 7.4%, respective- 
ly), based on the number of observations 
The percentage incidence of skin warts 
based on the number of calves in each group 
was likewise quite uniform (continuously 
sick, 19°; sick and recovered, 22.5%, 
suspect and recovered, 36° ; and negative, 
23.3%) 

Fer the sake of simplicity, the data on 
all calves with bovine hyperkeratosis (in- 
cluding those dead, continuously si¢k, sick 
and recovered, and suspect and recovered) 
were grouped together and compared with 
data on the calves that were negative. The 
percentage incidence of symptoms based on 
number of calves only is given in table 3. 
The rating value given to a particular symp- 
tom or lesion was approximately the differ- 
ence in percentage value between the 
affected calves and negative calves, Hyper- 
keratosis for example, occurred in 98 per 
cent of the calves affected with bovine 
hyperkeratosis and in none of the neyative 
calves. Instead of using 100 as the rating, 
this was reduced to 10. Papilloma occurred 
in 63 per cent of the calves affected with 
bovine hyperkeratosis and in none of the 
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negative calves; its rating was therefore 6, 
Lacrimation occurred in 97 per cent of the 
calves with bovine hyperkeratosis and in 
47 per cent of the negative calves; since the 
difference was 50 per cent, a rating of 5 was 
assigned to this symptom. Salivation 
occurred in 80 per cent of the calves with 
the disease and in 13 per cent of the nega- 
tive calves. Here the difference in percent- 
age was actually 67 but consideration was 
given to the percentage incidence in obser- 


TABLE 3—Comparison of Percentage Incidence of 
Symptoms and Lesions of Bovine Hyperkeratosis in 
Sick and Negative Calves* 


Sie Negat 
(112)¢° Rating 
Hyperkeratoris 0 10 
Papilloma 63 6 
Lacrimation 47 7 5 
Salivation 
Prnactation 
Diarrhea 43 24 
t'leeration 71 40 2 
Hegin. papilloma 71 5 1 
Temperature 42 
Infection 14 0 
Crescent area ao a9 0 
Red area a7 
Warts 2 20 0 


*The rating values are based in part on the dif 
ference between these percentage 
**Number of calves in gre 


values 


vations (see table 2) and the rating value 
was lowered to 5. Emaciation was observed 
in 68 per cent of the affected calves and 50 
per cent of the neyative calves. The differ- 
ence being 18 per cent, a rating value of 2 
was given to this symptom. Following this 
same scheme, diarrhea was given a rating of 
2; ulceration, 2; beginning papilloma of the 
mouth, 1; elevated body temperature, 1; 
and infection about the head, 1. The lesion 
of red crescent area in the mouth occurred 
in 80 per cent of the affected calves and 69 
per cent of the negative calves. It would 
thus appear that a rating value of 1 should 
be given to this lesion, however, examina- 
tion of the percentage incidence based on 
observations, indicated no difference be- 
tween the negative and affected calves. This 
lesion was therefore given a rating of 0 

The same was true for the lesion of red 

area of the oral mucosa. In the case of 

skin warts (common bovine papilloma), the 

incidence was similar in the different 

groups of calves and no rating value was 

assigned to this condition. Oftentimes, some 
conditions such as hyperkeratosis, lacrima- 

tion, emaciation, and diarrhea were ob- 
served to be slight. In those instances, the 
ating value was reduced to half, 
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The average rating value for each calf 
was determined by using the ratings indi- 
cated in table 3. The rating for each calf 
at each observation was calculated and then 
the average for all eight observations was 
determined. The average rating for the 
calves that died was 27.2, with the lowest 
20.0 and the highest 33.0. The rating for the 
group of calves that were sick was 18, with 
the lowest value 5.3 and the highest 27.9. 
The average rating for the calves that were 
sick and recovered was 7.1 (low 3.0 and 
high 12.4). For the group of calves suspect 
of the disease and recovered, the average 
rating value was 4.7, with a spread from 
3.3 to 7.1. For the negative calves, the aver- 
age rating value was 1.3, with a range of 
from 0.1 to 3.7. 

One test that may be applied to such an 
artificial rating system to try its validity is 
to note the spread of the ratings in the vari- 
ous groups considered. There is a tendency 
for overlapping of the high and low values 
between groups. The greatest range of rat- 
ing values occurred in the group of sick 
calves, where the values varied from 5.3 to 
27.9. Such a wide range is probably to be 
expected since, from the group of sick 
calves, some will die and some will recover. 
Considering only the average Values for the 
different groups, there was a reasonable 
difference between the five groups. 

The average rating values were then 
determined for each of the sixteen lots of 
calves. These are shown in table 1 where 


TABLE 4—Relation of Ration to Bovine Hyperkeratosis® 
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they may be correlated with the classifica- 
tion of calves in the different lots. The aver- 
age rating values varied from 0.5 in lot 1 
to 27.9 in lot 9. There is, generally, good 
agreement between the rating system and 
the classification of the calves in the differ- 
ent lots. For example, in those lots where 
there was high mortality from the disease, 
there were high average rating values (lots 
2, 5, 9, and 14). One exception is lot 6, in 
which a rating value of 14.6 was obtained 
from observations made on 2 calves which 
represented the lot during the time these 
observations were made. The rating value 
for lot 6 was obviously low, since the other 8 
calves had previously died from the disease. 

Relation of Ration to Bovine Hyperkera- 
tosis.—There appeared to be a definite rela- 
tion between the extent of bovine hyper- 
keratosis and the rations fed the calves 
(table 4). The rating system seemed to have 
particular significance in those lots which 
were given the same supplements (lots 3 
and 15, 4 and 16, and 2 and 14). The calves 
in these pairs of lots received the same 
supplements but different prairie hay. That 
is, prairie hay from the season of 1948 was 
fed one lot and prairie hay a vear older was 
fed the other lot. For lots 2 and 14, the 
rating values were 25.1 and 24.7. For lots 
8 and 15, the ratings were 18.2 and 14.9. 
For lots 4 and 16, the ratings were 5.1 and 
4.1 (table 4). In general, it seemed that 
the rating values were higher in those lots 
in which the calves received dehydrated 
alfalfa and dicalcium phosphate. The 
amount of dehydrated alfalfa received did 
not seem to have any marked effect for, in 
lots 2 and 14, the calves received approxi- 
mately 1.95 lb. per day and in lot 9 the 
calves received only about 0.8 Ib. per day. 
The rating values for these three lots were 
essentially similar (25.1 and 24.7, and 27.9, 
respectively ). 

A further examination was made of the 
constituents of the supplements to note their 
relation to bovine hyperkeratosis with re- 
spect to the rating for the different lots 
(table 4). Corn or soybean meal, when fed 
as the only supplement, seemed to have no 
marked effect on the bovine hyperkeratosis 
rating value. The rating values were high 
in lots 3 and 15, where dicalcium phosphate 
was added to the soybean meal. The same 
supplemental feeds of soybean meal and di- 
calcium phosphate with vitamin A carrier 
added, as in lots 4 and 16, were associated 
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with lower rating values, suggesting a pro- 
tective effect from the vitamin A carrier 
used. Dehydrated alfalfa fed alone as a 
supplement (lot 6) or fed with dicalcium 
phosphate was associated with a high bovine 
hyperkeratosis rating in lots 2, 14, 5, and 9. 
The low-rating value of 7.2 for lot 10, in 
which alfalfa, dicalcium phosphate, corn, 
and urea were fed, suggests that, in this 
instance, corn had a sparing or protective 
effect in the ration, for one would have ex- 
pected the alfalfa and dicalcium phosphate 
to be associated with a higher rating for 
bovine hyperkeratosis. The rating value of 
4.0 for lot 13 would suggest by indirection 
that corn had some protective effect against 
the dicalcium phosphate which this lot also 
received. The rating value of 3.8 for lot 
8 suggests a similar protective effect of cot- 
tonseed meal. Urea seemed to have little 
effect on the ratings, for the value of 4.4 
for lot 12 was not much different from that 
of 5.3 for lot 11. Urea was also a part of 
the ration for calves in lot 9, and the rating 
value for lot 9 was not much greater than 
that of lots 2, 14, or 5, lots which also re- 
ceived alfalfa and dicalcium phosphate but 
no urea, 

An attempt was made to correlate the 
amino acid content (calculated from tables 
of analyses, Block and Mitchell’) of the 
rations with the severity of bovine hyper- 
keratosis. None could be recognized. 

Epizoétiology.—The calves had been ar- 
ranged and held in specified lots for about 
two months prior to the beginning of the 
outbreak and their arrangement was not 
materially changed during the first several 
months of the outbreak. The data could 
therefore be examined for evidence of con- 
tagion of bovine hyperkeratosis. No special 
precautions were taken to avoid carrying a 
hypothetic infection from one lot to another 
before or after the disease had become evi- 
dent. When the calves were being examined 
during the course of the disease, the same 
chute was used for all calves in lots 1 to & 
and another chute was used for all calves 
in lots 9 to 16. No attempt was made to dis- 
infect gloves or instruments between calves. 
A good opportunity existed at the time of 
observations for spread of infection from 1 
calf to the next. 

Since the greatest likelihood for con- 
tagion would have been among those lots 
having a water tank in common (fig. 1), 


these data will be examined first. Lots 1 and 
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2 were arranged in this manner. None of 
the calves in lot 1 were ever affected with 
bovine hyperkeratosis and their rating 
value was 0.5. All of the calves in lot 2 
died with bovine hyperkeratosis and their 
average rating value was 25.1. As previously 
mentioned, other calves affected with bovine 
hyperkeratosis were moved from other lots 
into lot 2 in maintain exposure 
for calves in lot 1. Despite this, the calves 
in lot 1 remained negative for bovine hyper- 
keratosis. Four other pairs of lots, in which 
a water tank was common to each pair of 
lots, showed differences of the average rat- 
ing value of the lots (fig. 1). These were 
lots 3 and 4, in which the calves had bovine 
hyperkeratosis rating values of 18.2 and 
5.1, respectively. The calves in lots 9 and 
10 had bovine hyperkeratosis rating values 
averaging 27.9 and 7.2, respectively. The 
rating values for bovine hyperkeratosis of 
calves in lots 13 and 14 were 4.0 and 24.7. 
The rating value for calves in lot 15 was 


order to 


TABLE 5S—Constituents of Blood from Calves with 
Bovine Hyperkeratosis 


Calf Calf Calf Calf Not 
113° 139°° 139° mal??? 
Hemoglobin 12.08 11.88 40 12.0 
‘am 7. 8.57 
7.72 & OF 
(me. %) 67.00 66 00 
78.00 47.00 
Urie acid 3.37 2.95 3.04 0-2 
(msm. %) 1.1 1,82 
2.4 3.24 
4% 11 “ 6-27 
ime. % 10.7 
7 
NPN 7s 2h 1.0 
ime to 
on 
Total serum 2.88 6.71 

protein 2.33 

‘in 1% 
Serum 1.4% 1.10 1.4 1.4 

albumir 0.9 Ow 

(chm oF 
Albumin v4 6.97 

globin O46 #1 

rath ( 
Inorgantk 16 20 a4 41 

phosphorus &.62 10 

ime ) 
Serum 12.7 13 14.2 

ealctum 12.4 12.8 

ime (bh) 13.2 12.1 
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14.9, and 4.1 for the calves in lot 16. These 
observations on calves in lots where evi- 
dence of contagiousness should have been 
apparent rather definitely deny the possi- 
bility. Only two pairs of lots (7 and 8, and 
11 and 12) had similar rating values in 
each of the pairs. In these instances, the 
rating values for hyperkeratosis 
were low and the disease in the calves was 
rather mild. The eighth pair of lots (5 and 
6) were probably about equal in the extent 
of bovine hyperkeratosis. The rating value 
of 14.6 for calves in lot 6 is obviously low, 
as previously mentioned 

One feature sugyesting contagion 
the existence of disease in all but one lot 
of calves. Of other cattle on the premises, 
the 6 adult cows, 4 calves born in 1949, and 
a bull remained healthy. The 2 extra calves 
and the 3 born in 1948 from the 
Shorthorn cows did show some evidence of 
bovine hyperkeratosis. The latter 5 animals 
had some degree of contact with the calves 
in the lots for they sometimes con- 
fined in runways adjacent to the lots. In 
addition, the 5 calves were sometimes fed 
the pellet supplements intended for the 
calves in the experimental feeding lots. The 
cows, calves born in 1949, and the bull were 
never in intimate contact with the calves 
in the lots nor were they ever fed the 
pelleted feed intended for the calves in the 
experimental lots 

When the nature ard extent of the 
disease in the calves at Valentine became 
apparent, investigation was made of condi- 
tions at the ranch from which the calves 
originated. This investigation was made 
in April. There were over 400 cows on the 
ranch among which no unusual 
disease problems had occurred 
crop subsequent to that furnishing the 
for the Valentine experiment was 
The ranch that purchased the 230 
the crop from which the 
Valentine calves originated was also visited 
in April, 1949. They found in a 
healthy condition and the owner reported 
loss of onlv 3 calves during the unusually 
severe winter. These calves, subsequent to 
their purchase, were fed oats at first, then 
ground ear corn, dehydrated alfalfa pellets, 
a commercial protein supplement, and 
prairie hay. The owner believed he had un- 
usually good results with the calves and the 
feeding regimé 
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Biochemical Studies 


Two sets of spec- 


BovINe 


trophotometric analyses* for vitamin A and 


carotene were made. The first set was on 
blood from a group of 4 calves (113, 118, 
13, and 129) that died with the disease 
three, twelve, twenty-six, and forty-five 


days after the samples were taken. Values 
of 20 to 77 (ave. 42) vg. of carotene per 
100 cc. of plasma and of 40 to 63 50) 
py. of vitamin A per 100 ce. of plasma were 
found. The liver of calf 113 had 2.4 yg. of 
carotene per 100 cc. of plasma and 5.4 yg. of 
vitamin A per 100 cc, of plasma. Less than 
0.5 p.p.m. of selenium** was found in the 
liver of calf 113. 


‘ave 


Prairie hay (1948 crop) a4 
Pellets, lot (alfalfa) 
Pellets, lots 2 & 14 (alfalfa dicalchum 


phosphate) 


The second set of analyses was made on 
blood obtained May 26 from 1 or more 
representative calves from each of the six- 
teen lots. Vitamin A levels of the plasma 


from these 32 calves varied from 55 to 125 
(ave. 80) pg. per 100 ce. of plasma. 
Carotene levels varied from 48 to 201 Cave. 


126) wz. per 100 ce. of plasma. 

All of these values were considered with- 
in normal limits and no reasonable correla- 
tion of high or low values could be made 
with the status of disease in the individual 
calves or the group of calves representing 
different experimental lots 

Some constituents of the blood of 4 
diseased 13, 113, 118, and 129) 
were measured. The first samples of blood 
were obtained April & and second and third 
samples were obtained April 22 and May 3 
on 2 of the calves. The values found showed 
no regular deviation from normal 5 


calves 


(table 5) 
that could be regarded as characteristic for 
bovine hyperkeratosis. The values for uric 
acid, urea, and nonprotein nitrogen in the 


*These analyses Were made by Dr. R. lL. Borchers 


of the Department of Agricultural Chemist 
Ur eralt f Nebraska 

**Analysis 4 L. Meoxor South Dakota 
Agricuit Experiment Station 
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TABLE 6—Spectographic Analyses of Feed Given to Calves in Which There Was 
Hyperkeratosis 


Pellets, lot (alfalfa dicalcium phosphate) 7.4 “i 860 2400 23000 
Alfalfa hay reference material, standard 

saniple 15,0 170 6450 22 2500 940 3600 16400 18900 
Pellets, lots 4 & 16 (soybean mea divcal 

ium phosphate & vitamin A arrier) 19.0 1160 «110 «2800 «27500 «17800 

*Determinations reported by K. ¢ Reeson, | S. Soils, Pla and Nutrition Laboratory, Ithaca, N. Y 
by colorimetric method 

**}ellets, lot 6 additional analysis: 4.6 Mo, 24.0 Zn, and 4¢ ad 

Analyses by A. W. Specht, and reported by W. © tobinsen, Bureau of Plant Industry, Solis, and Agri 
cultural Engineering, Washington, TD. ¢ All results in parts per million 
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blood of calf 113 may have been histh be- 
cause of terminal renal insufficiency 

Some analyses were made on feedstuffs 
fed to those lots of calves where the disease 
was severe. These data are incorporated in 
table 6. The pellets fed lot 9 were reportect 
to have DDT, 0.43 p.p.m. The values for 
lead, zinc, copper, cobalt, and DDT or TDE 
were regarded as essentially “normal,” ade- 
quate, or within reasonable limits, and only 
the value for molybdenum was believed 
somewhat high by Robinson. No good cor- 
relation could be established between the 
values for elements in the feed and the 


an Outbreak of Bovine 


Na Me kK 


184 1538 12230 6200 


the 
For 
example, 14,600 p.p.m. of phosphorus was 
found in the supplement fed calves in lots 
4 and 16, where the disease was relatively 


severity of bovine hyperkeratosis in 
groups of calves receiving the feed. 


mild, and 3,500 p.p.m. of phosphorus was 
found in the supplemental feed for lots 2 
and 14, where the disease was severe. This 


cannot be regarded as conclusive evidence 
because another factor of a vitamin A 
carrier was given to calves of lots 4 and 16. 
The data are presented as findings for the 
benefit of those who may wish to study 
them. Such study should give careful con- 


sideration to all of the factors and circum- 
stances involved, 

Observations on Cells of the Rlood Re- 
peated counts made of erythrocytes 
and leucocytes in the blood of 4 calves that 
eventually died with bovine hyperkeratosis. 
Two of the calves progressive 
anemia, confirming the observation of Huff- 
man ef The values for heterophils 

ave. 7,293, low, 1,300; high, 23,500 ‘cmm.) 


were 


showed a 


Analyes r ried W. OF. R Rurea 
ef Plant Industr Washingtor \nalyeie for 
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and lymphoctyes (ave. 8.284; low, 4,800; 
high, 11,500 emm were generally higher 
than considered normal. The high values of 
heterophils were not surprising in view of 
the extensive infection found in the calves 
at necropsy. All had a pyogenic pneumonia 
as well as a necrotizing infection of the 
mouth. One calf had two subcutaneous 
abscesses on the jaw The counts of eosino- 
phils appeared to be lower than normal, but 
the number of observations was too small 
to establish such a conclusion clearly 

Ten typically affect- 
ed calves were selected for trials with the 


Therapeutic Trials 


thought of allaying or preventing the sec- 
ondary infections more than of attempting 
to cure bovine hyperkeratosis. Treatments 
were started May 26, 1949. Two calves (34 
and 209) with average bovine hyperkera- 
tosis scores of 25.5 and 17.0 were given 
penicillin at the rate of 300,000 units pet 
day for five days. After a five-day interval, 
another five-day series was administered to 
each calf. This was repeated until four, 
five-day series of treatments had been given 
No response was noticed. Calf 34 died Oct 
16, 1949, 108 days after the last dose of 
penicillin. Calf 209 recovered slowly from 
bovi. » hyperkeratosis but at no greater 
rate than other untreated calves. Two calves 
(N11 and 119), with respective average 
bovine hyperkeratosis scores of 17.1 und 
220, were given sulfamerazine per os at 
the rate of 1 gr. per pound of body weight 
per day. The course of treatment was the 
same pattern as used for penicillin above. 
Calf 119 died twelve days after the treat 
ment was stopped. Calf N11 slowly re- 
covered from the disease after eight to ten 
months. Calves 52a and 77, with average 
scores of 28.0 and 10.9, received intra- 
venously 10 ec. of sedium cacodylate for 
two successive days. The therapy was re 
peated in two weeks No apparent beneficial 
results were realized, Calf 52a died twenty 
days after the last injection and calf 77 
eventually recovered, although it) was 
several weeks after the last dose of drug be- 
fore signs of recovery were apparent. Calf 
69, with an averaye score of 27.5, Was given 
potassium iodide at the rate of 5 Gm per 
day for five days. It died the sixth day. Two 
other calves, 3 and 52, with average respec- 
tive seores of 26.6 and 14.2, were given 
potassium iodide per os at the rate of 5 Gm 
per day for five days. The five-day series of 
treatment was repeated after a five-day rest 
period. Calf 3 died twelve days after the 


second series of treatments ended, while 
ealf 52 very slowly showed evidence of re- 
covers However, the interval between 
treatment and recovery Was 80 yreat that 
the therapy was given no credit. Calf N25, 
which had a score of 27.9, was given sulfa- 
merazine at the rate of 1 gr. per pound of 
body weight for five days. Five days after 
the last dose of sulfamerazine, the five-day 


‘ 


series of potassium iodide was started. 
Potassium iodide was given per os at the 
rate of 5 Gm. per day No beneficial results 
were obtained from the treatment, although 
two months after the last dose, the calf 
beyan to recover 

Rectal temperatures were recorded be- 
fore, during, and for some time after the 
courses of treatment in 9 of the 10 calves. 
No consistent change of the body tempera- 
ture could be correlated with the therapy 
attempted 

Penicillin, sulfamerazine, potassium 
iodide, and sodium cacodylate, in usual ther- 
apeutic doses, had no effect on the course of 
the disease or secondary infections in the 
cases of bovine hyperkeratosis studied. 


DISCUSSION 


The results presented on the relation of 
feedstuff to bovine hyperkeratosis must not 
be regarded as conclusive. It must be re- 
called that the basic experiment was de- 
signed for a study of nutrition. The unusual 
coincidence of an outbreak of bovine hyper- 
keratosis in this experiment merely made it 
possible to study the relationship of the 
feedstuffs to the disease. The complexity 
of symptoms associated with bovine hyper- 
keratosis was a disturbing feature. Appar- 
ently, no single lesion or symptom can be 
regarded as specific for bovine hyperkera- 
tosis. Certain lesions and symptoms re- 
yarded as associated with bovine hype rkera- 
tosis can occur in cattle not affected with 
this disease The approach for studying 
the outbreak of bovine hyperkeratosis in- 
volved the development of a rating system 
for evaluating the signs of the disease. Such 
a rating svstem is arbitrary and should 
be closely examined for defects of a serious 
nature, So far, it seems to meet the re- 
quirements of tests that can be applied. 
The rating system and the method followed 
in determining the relative importance of 
symptoms in bovine hyperkeratosis pertain 
to this particular study. At the present 
time, they need not be applied to clinical 


observations in the diagnosis of the disease 
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The daia from these observations sug- 
yest the existence of enhancing and pro- 
tective factors. Certain elements in the 
feedstuffs appeared definitely to enhance 
bovine hyperkeratosis. These were dehy- 
drated alfalfa and dicalcium phosphate. 
Other elements of feedstuffs, corn, the vita- 
min A carrier, and cottonseed meal seemed 
to have a sparing or protective effect 
against the factor or factors of dehydrated 
alfalfa and dicalcium phosphate. Informa- 
tion on the character or nature of these 
factors is purely speculative. The factors 
defined by these studies cannot be regarded 
as the cause of bovine hyperkeratosis This 
is adequately demonstrated by the fact that 
the disease did occur in those groups of 
calves receiving supplements not containing 
dehydrated alfalfa or dicalcium phosphate. 
Analyses of the feedstuffs for trace elements 


er DDT-like compounds, have thus far 
failed to demonstrate abnormal levels of 
these substances that could be associated 
with severity of the disease. Previously, 
some conjectures had been made in this 
direction.'? A careful study by Gibbons, 


Shoffeitt and Folse,* in which tissues from 
6 cattle with bovine hyperkeratosis were 
specifically examined for DDT, has shown 
a lack of association of DDT with bovine 
hyperkeratosis 

The question of an avitaminosis A asso- 
ciated with bovine hyperkeratosis was 
raised by Olafson.’* Huffman et al.” 
ported a low plasma-vitamin A level in a 
few of this disease. From our 
observations, the vitamin A and carotene 
levels of the blood and in the liver of 
of bovine hyperkeratosis were normal and 
adequate. The drinking water supplied the 
calves was of good quality and the selenium 
level low. The selenium content of the liver 
from 1 calf that died with the disease Was 


re- 


instances 


Cases 


low 

So far as could be determined, the In- 
citing factor or factors responsible for the 
outbreak of seemed to exist only 
in the immediate area where the 
were kept. Other older and younger cattle 
on the premises, but not in the immediate 
vicinity of the feed area, were not affected 
with the disease. The cause of the disease 
must have developed after the calves were 


disease 
calves 


on the premises, for the remaining calves 
of the group from which these came re- 
mained healthy. The evidence indicating 


lack of contagiousness is in harmony with 
other reports and the many negative at- 
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disease (Olafson,"* 


tempts to reproduce the 
Fox," and others) 


Gibbons,” 
SUMMARY 

An outbreak of bovine hyperkeratosis in 
of 160 calves fed various rations 
was studied. A rating system to evaluate 
the relative significance of the different 
symptoms and lesions of bovine hyperkera- 
The disease occurred 


a group 


tosis was developed 
15 of 16 groups of calves. The severity 
and, by 
was 


in 
of the disease varied from lot to lot 
use of the rating system, evidence 
obtained to indicate an unknown factor or 
factors in the particular dehydrated alfalfa 


hay and dicalcium phosphate fed these 
calves that enhanced the severity of the 
disease. These factors may not be of pri- 


mary etiologic significance, for the disease 
occurred in calves that did not receive de- 
hydrated alfalfa hay or dicalcium phos- 
phate. Some unknown substance or sub- 
stances in corn, a Vitamin A carrier, and 
cottonseed meal appeared to have a neutral- 
izing or sparing effect on the severity of 
bovine hyperkeratosis 

The outbreak developed on the premises 
where the calves were fed, and there was 
no evidence to suggest that the diser*e was 
brought with the There was no 
definite evidence associated 
with the outbreak 


calves 


of contagion 
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The Binding of Blood Serum 
Gamma Globulin by Sulfadiazine 


FOREST HUDDLESON, D.V.M., Ph.D., EVELYN SANDERS, Ph.D., 
and LEONARD A. MATTANO, Ph.D. 


East Lansing, 


IN PREVIOUS made to deter- 
mine the binding of sulfonamides to pro- 


investivations 


teins in blood plasma, it has been deduced 
from the experimental data that, under 
certain pH conditions, they are bound to the 
albumin fraction. Davis,’ who has made ex- 
tensive and careful this 
subject, appears to be the leading exponent 
of the albumin-binding hypothesis 

In the experimental data which follow, it 
will be shown that 1) when a dilute min- 
eral acid is added to a mixture of sodium 
sulfadiazine and undiluted bovine serum, a 
precipitate is formed which consists of sul- 
fadiazine and a major portion of the +-glo- 
bulin fraction; (2) a solution of the frac- 
tion precipitated from a Brucella 


possesses bactericidal antibodies 


Investigations on 


antiserum 


PROCEDURE 


the soluble 
employed in the 


EXPERIMENTAI 


Although 
diazine 
other sulfonamides 
thiazole, and 
sulfamethazine may be used for the 


salt of sulfa 
present study, 
sulfa 


sodium 


odiun 
was 
i 
odium sulfamerazine, 
ame pur 
pose 

The blood serum Brucella 
infected 
titers of 
1: 20,000 


When au 


made, 


used from 


The 


serum 


were 
cows 
the 


Brucella-agglutination 
varied from 1 : 1,000 to 


precipitation separation was bye 
the powdered salt of the 
solved in undiluted serum at 


The pH of the solution 


tirring, wa 


drug was dis 


room tempera 


ture during constant 


lowered gradually to 7 by drop- 
wise addition of 0.85 per cent H,PO,. Precipi- 


tation of sulfadiazine and serum globulin be 


gan acid 
Approximately, 80 per cent of the salt 
precipitated at pH 7 The precipitate was 
collected on No. 50 Whatmar a Bich 
funnel, washed 
NaCl 


same solution 


mmediately on addition 


Was 


paper 
ner thoroughly 
ar d then su 


While beir 


wit! pet 
the 


ig stirred constantly 


cent solution, pended ir 


Ml \wr 


Michigan 


the insoluble material was dissolved by drop- 
wise addition of 0.1 normal NaOH until a pH 
of 10 was reached. The solution was clear or 
slightly opalescent 

The concentration of sulfadiazine in any of 
the studied was determined by the 
sratton Marshall method The amount 
of protein nitrogen in any given solution was 
determined by the semimicro-Kjeldahl method 
The character and nature of the protein con- 


solutions 
and 


stituents separated from serum by sulfadiazine 
was determined electrophoretically in the modi- 
fied Tiselius apparatus” by the 
scanning method per 
solution had equilibrated to 


Longsworth* 
cent protein 
a pH of 8.6 
and ionic strength of 0.1 by dialysis against a 
barbiturate buffer 

The hiologic 


after a 2 


beer 


activity (bacteriostatic or bac- 
the solution of sulfa 
diazine and serum protein fraction, or the pro- 


tericidal) of sodium 
tein fraction alone, was determined by mak- 
ing serial twofold dilutions of a predetermined 
concentration of both in a liquid culture me- 
tryptose, thiamine 
The com- 
frac- 
with and without sulfadiazine was deter- 


mined by adding 0.2 ml. of fresh, normal rabbit 
dilutior to 


dium contair glucose, 


ing 


hydrochloride, and sodium ch oride 


plement-binding activity of the protein 


tior 
serum to each serve as comple- 
After the appropriate dilutions were 
5 ilture medium, 10° live 
la abortus cells were added to each dilu- 
The tubes shaken and 


for seventy-two hours. The presence of 


ment 
made in 5 ml. of the ¢ 

Bruce 
tion 


were incubated at 


growth, as indicated by visible turbidity, was 


{ 


recorded at 24-hour intervals by minus o1 


EXPERIMENTS AND RESULTS 


1 na 
stituents Separate d 

Sulfadiazine P The procedure 
followed and this par- 
ticular experiment are similar to the many 
thers that were made during this study. In 


Electrophoret isis of Protein Con- 
Blood Serum hy 
ecip ation 


results recorded in 


order to obtain a large amount of the pro 
tein tractions, 20 Gm. of sodium sulfadia- 
in 100 ml. of serum from 
99] 


were dissolved 


zine 


a Brucella-infected cow Following 


the yeneral procedure of precipitation and 


| 
| 
BY ‘ ter nd 
Health t Ke 
‘ t Na 
: 


resolution of the precipitate, sodium sulfa- 
diazine was removed by a long pe riod of 
dialysis against physiologic salt solution at 
4 C. The final solution (400 ml.) was then 
concentrated to a protein content of 2 per 


cent by rapid evaporation i cellophane 


tubing exposed to a constant blast of alr 
dialysis to 


and equilibrated by 


ai 


d 
Fig. |—Electrophoretic diagram of bovine serum 99! 
before addition of sodium sulfadiazine Electrophoresis 
for 9,000 seconds at 5.86 volts per centimeter. Protein 

concentration 2 per cent 


strength and pH of the buffer solution pre- 
viously described. A similar procedure was 
followed in the preparation of the super- 
natant solution recovered from the serum- 
sulfadiazine precipitate 

The electrophoretic 
serum before treatment, the supernatant 
from the serum-sulfadiazine precipitate, 
and the fraction removed with the sulfadia- 
zine precipitate are illustrated in fig. 1, 2, 
Measurements of the 


diayrams of the 


and 3, respectively. 


Fig. 2—Electrophoretic diagram of supernatant from 
bovine serum 991 after precipitation with sulfadiazine 
Electrophoresis for 9.000 seconds at 5.90 volts per 
centimeter. Protein concentration 2 per cent. 
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area of the pattern components in fig. 1 
revealed that approximately ix per cent 
was in the region of the y glob ‘in. Approxi- 
mately, 80 per cent of this ce nponent was 
removed from the serum by the sulfadia- 
zine precipitate This may be readily seen 
from the patterns (fig. 2 and 3) that de- 
veloped from the supernatant and the re- 
dissolved precipitate The shape of the 
large area in fig. 3 suggests that it Is made 
up of three closely related constituents 
Sufficient separation of the three has not 
been obtained to determine their character. 

The electrophoretic diagram in fig. 3 
shows the presence of a amall component 
in addition to the large one, the mobility 
of the former was similar to that of albu 


A. 


a 


Fig j—-Electrophoretic diagram of precipitate after 

removal from bovine serum 99! by sulfadiazine. Electro 

phoresis for 9,000 seconds at 6.18 volts per centimeter 
Protein concentration 2 per cent 


r 


min. This component separated into two 
distinct peaks in the ascending pattern 
The mobilities and relative compositions 
of the protein components shown in fig. 1, 
2. and 3 are tabulated in table 1. It will be 
noted that there is close avreement in the 
calculated mobilities of the separate com- 
ponents in the serum before and after sepa 
ration into two fractions These figures 
are similar to those obtained in previous 
examinations of cow serum In this labora- 
torv. A comparison of the relative compo- 
sitions of the components In the serum 
hefore and after treatment with sulfadia- 
zine shows very significant chanyes in their 
relation to each other. The serum A ratio 
hefore treatment was 1.52. After removal of 
the sulfadiazine precipitate, it had changed 
to O35 (descending side) in the super- 
natant and 12.14 in the precipitable frac- 
tion. The differences in the ratios of 8 AN 
A in the untreated and in the super- 
a portion of a 


and a 
natant would indicate that 
and 8 globulin was also removed in the 


precipitate. 


2 
A 
A i 
r r 
4 é 
a d 
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Amount of Protein Nitrogen Removed from 
Serum by Sulfadiazine Precipitation 
ratio of serum protein nitrogen removed from 
a Brucella antiserum to the amount of sodium 
sulfadiazine added is illustrated by the curve 
in fig. 4. In this experiment, varying amounts 


20 


/ 
7 


a2 os 0.8 


SERUM PROTEIN 


Na ~ SUL NF 
Fig. 4—Milligrams of serum protein nitrogen removed 
from 5 mi. of Brucella antiserum by varying amount 
of sulfadiazine during precipitation. 


of sodium sulfadiazine were added to 5 ml. of 
the serum and precipitated by dropwise 
addition of 0.85 per cent H,PO,. The amount 
of protein nitrogen removed from the serum by 
each amount of sodium sulfadiazine was deter 
mined on the dissolved precipitate after the 
removal of all sodium sulfadiazine by dialysis 
The protein nitrogen values recorded on the 
curve show that slightly more than 1.5 Gm. of 
the drug was required to remove the maximum 
amount (40 mg.) of protein nitrogen from 
5 ml. of this particular Brucella antiserum. 
Growth Inhibition Action of a Solution Con- 


cow 


taining Redisaolved Serum Globulin and 
Sodium Sulfadiazine.—-The results of numer- 
ous in vifro titration experiments show that 
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The 


TABLE !|—Mobilities and Relative Compositions of Protein Components in Bovine Serum 99! Before 
and After Separation into Two Fractions by Precipitation with Sulfadiazine 


Am. J. Ver 


Hee 


the protein which the precipitated sulfadiazine 


removes from Brucella anti possesses 


complement-binding properties of a bactericidal 


serums 


nature. The in vitro activity of the antibody 
is more pronounced when a small amount of 
sodium sulfadiazine is added to the system. 
A similar increased activity has also been 
demonstrated in i vivo experiment... The 


data shown in table 2 are 
results 
of this 


serum 


an example of the 
experiments 
the blood 
(991) 
20,000, 


obtained in many similar 
type. In this 
used 


showing an 


experiment, 
infected cow 
agglutination titer of 1 

The serum globulin was precipitated with sulfa- 


The precipi- 


was from ar 


diazine as previously described 


tate, after washing, was redissolved and fil- 
tered through a D& Hormann sterilizing filter 
pad in a Seitz filter. The solution was found 


to contain & mg 
diazine and 0.4% 
nitrogen. 


per milliliter of sodium sulfa- 
milliliter of protein 
Two series of twofold dilutions were 
made of the filtered solution in 5-ml. amounts 
of the fortified tryptose medium in test tubes. 
The concentration of each agent in each dilu- 
tion is indicated in table 2. To each dilution of 
0.2 ml. of fresh, normal rabbit 
added as complement in order to 
Brucella antibody Each 
dilution in both s« ries was then inoculated with 
By The were shaken 
and incubated at 37 C. for two hours 

It will be noted from the results that the 
solution containing only sodium 
zine and the serum-globulin fraction had 
only a temporary inhibiting effect on the 
growth of the organisms. The maximum 
inhibiting dilution was no higher than that 
of sodium sulfadiazine alone. The addition 
of complement to the dilutions of the serum 
fraction and sulfadiazine created a bacteri- 
cidal complex which caused the death of the 
organisms in all dilutions except the last. 
The smallest amount of the serum fraction, 


mg. per 


one series, se- 
rum Was 


measure activity 


abortus cells tubs 


eventy 


sulfadia- 


| 
pe No. Volts Side of Mobilities Relative 
per ca. cell | uxil composition 
| Al @ Gs ify A/G @,/AlagsA y/A 
Descending | 6.6/4.6/35.9/5.3 [1.9 | 0.51] 0.51 / 0.1 0.25/ 1.32 | 
Serum(*) t + + + + + + 
untreated | Ascending | 7.1 6.0 3.6 2.8 4 1.47 | 
— t + + + + + + 4 
2 | Descendin 6.3/4.8] 4.1] 2.7 1. 1.59 |0.04/0.15/0.35 | 
Serum, SD | } + + + + + + + 
supernatant !*)| ascending 6.715.6/5.1] 2.9 }1.6] 1.32 0.20 0.41 
3 Descencing 6.0) 0.08 12.14 
Serum, SD v.18 + + | 
precipitate(*)| Ascending 6.7 2.4] 0 12.50 | 
concentration per Gent Sl)—sulfadiaz 


| 
4 
4 


in the presence of the other two agents, 
which prevented the growth of Brucella 
organisms represented a protein nitrogen 
dilution of 1: 2.x 10°. It is possible that this 
fraction contains several specific antibody 
systems in addition to Brucella antibody. 
Therefore, it is not possible to make even 
a close estimate of the activity of the Bru- 
cella antibody in terms of the protein nitro- 
gen which was separated from the serum 
sulfadiazine precipitation. Its 
maximum action will not become known 
until Brucella antibody protein can be 
separated from the fraction in a pure state 

Several in titration experiments 
have been made to determine the activity 
of Brucella antibody in the protein fraction 
after the removal of sodium sulfadiazine 
by dialysis. The results have always shown 
that it is of a high order when estimated 
from the weight of protein nitrogen. In one 
experiment, typical of many, the protein 
nitrogen was diluted in serial twofold dilu- 
tions in the liquid culture medium. The con- 
centration of protein nitrogen In the tubes 
ranged from 25 per milliliter to 0.0025 
» per milliliter. To each dilution, 0.2 ml 
of fresh rabbit serum was added as com- 
plement, and 10° live Br. abortus cells. At 
the end of a 24-hour period of incubation at 
37 C., there was visible growth in those 
tubes containing from 23 to 0.17 of pro- 
tein nitrogen but none beyond this dilution 
to the final one. In other there 
occurred a zone of growth in the lower dilu- 


by sodium 


vitro 


words, 


tions and a zone of growth inhibition in the 


TABLE 2—Bactericida! 
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higher dilutions of the fraction Visible 
growth occurred in all dilutions at the end 
of a 72-hour period of incubation. It is 
possible that the zone of growth in the 
higher concentrations of the fraction was 
due to the presence of antibodies which 
were deficient in complement-binding activ- 
ity. It has been shown in experiments pre- 
sented in another paper® that inactive 
Brucella antibodies in a serum can be acti- 
vated by the addition of sodium sulfadia- 
zine and normal serum. 


DISCUSSION 


The nature of the reaction which takes 
place between sulfadiazine and the y-glo- 
bulin fraction of blood serum, when sulfa- 
diazine is precipitated in blood serum by 
dilute acid, is still being investigated. The 
physical character of the precipitate which 
forms indicates that the reaction is not 
one of co-precipitation or adsorption, On 
the other hand, the fact that sodium sulfa- 
diazine can be removed from the redissolved 
precipitate after a long period of dialysis 
would indicate that the binding or chemical 
reaction between the two agents is a loose 
one. 

The fact that a specific and highly active 
complement-binding antibody for Brucella 
organisms was demonstrated in the protein 
which precipitated with sulfadiazine clearly 
demonstrates that the drug, under certain 
conditions, has a selective affinity for pro- 
tein molecules in » globulin possessing the 
property of antibodies 


and Globulin Fraction After Precipitation and 
Antiserum 99! 


Complement Concentration of agents in tubes, y/ml,. Bacteria 
to’ each NaSD ao 49 20 10 5 2.5 {1.265 | 0.62 
Protein N.——> 5.3 | 1.6 | 0.8 | 0.2 | 0.1 10.05] 0.025 | medium 
Inc | 
period | egree of growth, turbidity 
hours 


le 2+ 2+ 


None 


108 Brucella abortus added to ear dilution 


‘Fresh, normal rabbit 
0.2 mi f fresh, norma! rabbit serum added t 
no Visible growth; 4 =: degree of growth 


72 | | 4+ « 4+ | 4+ 4+ t+ t+ t+ 
trols 


and co 


r 


ontrol tube 


CMCTORER, 1900 
0.2 mi. 

72 2+ 6 
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The shape of the large component shown 
in fig. 3 would indicate that there are three 
closely related components in the area, They 
have not yet been separated for biologic or 
chemical studies 


SUMMARY 


It has been shown that the addition of 
phosphoric acid (H,PO,) to a mixture of 
sodium sulfadiazine and bovine serum pro- 
duces a precipitate which consists of serum 
protein and sulfadiazine. The physical char- 
acter of the protein removed by the drug 
was determined by electrophoretic analysis. 
Most of the protein removed had the char- 
acteristics of » globulin 

The protein fraction separated from Bru- 


cella antiserum by means of sulfadiazine 


SANDERS 


MATTANO 


have anti- 
The anti- 

complement 
growth of Brucella organ- 


precipitation has been shown to 
body properties of 
body in the 
will inhibit the 
isms. These two agents in the presence of 


a high order 


presence of 


a low concentration of sodium sulfadiazine 
form a bactericidal complex. 
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Research on Foot-and-Mouth Disease. 


Il. The Cultivation 


of the Virus in Explantations of Tongue Epithelium 


USING TECHNIQUES described in previous 
‘56.7 we have succeeded in cul- 


papers,'~ 
tivating the virus of foot-and-mouth disease 
in tissue cultures of embryonic bovine, 
ovine, and porcine skin, Cultivation was 
successful in Petri dishes and Roux and 
Kolle flasks. The important difference be- 
tween the method reported in this paper 
and other published methods**.'" is that the 
virus propagated by the technique described 
here is capable of producing the typical 
disease and lends itself to vaccine produc- 
tion and the preparation of hyperimmune 
serum. With the previously described meth- 
ods utilizing embryonic tissue, the quantity 
of epithelium collected ‘was rather limited. 
It was not considered practical to under- 
take extensive virus cultivation with such 
tissues collected at random from fetuses in 
the abattoir. The virus so produced was of 
considerable infectivity, but its concentra- 
tion in the tissue was not regularly high 
enough for practical use in vaccine produc- 
tion. Since the epithelial cells of the nor- 
mal bovine tongue are known to be espe- 
cially sensitive to the virus, experiments 
were undertaken with such tissue. 
Histologic examination of the aphthous 
vesicles has revealed that the lesions ordi- 
narily begin in the deep layers of the skin, 
particularly in the stratum spinosum, and 
that, in the beginning of the vesicle forma- 
tion, the cells of the stratum germinativum 
do not contain microscopic lesions.'' With 
this information available, and in consid- 
eration of the fact that the outer lavers of 
this membrane are frequently heavily con- 
taminated by various microérganisms, it 
became necessary to develop a technique of 
reaching the deep layers of the lingual mu- 
cous membrane. Following is a description 


j 

rt t tt Hist ( 
i Eixplar ib I Tongu 
fected w e \ ft t-and-M h ‘ 
appeared the American J rnal { Veterina 
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of the techniques that have been developed. 
These were arrived at after many unsuc- 
cessful attempts by various means, 


METHODS 

1) A tongue in a very fresh condition is 
desirable for collection of the epithelium (fig. 
1) Although cooled tongues may be used, the 
results are less favorable than those from 
warm, fresh tongues. Moreover, the removal 
of the outer layers of epithelium is more ith 
cult when cooled tongues are used. The 
tongues should preferably be taken from ani 
mals highly susceptible to foot-and-mouth 
disease. The use of tissue from animals that 
have been previously infected with the disease, 
even long before, may result in poor virus pro 
duction or none at all 

2) The tongue is cleaned with a brush and 
warm water 

3) The tongue is tightly fixed at its tip in 
a clamp on a stand, so that it hangs at full 
length with the base downward (fig. 2). Witt 
some practice, after having incised the mucosa 
around the tip of the tongue, one may separate 
the superficial from the deep layers of the 
epithelium at the tip. Separation of these layers 
is best started with the blunt edge of the han 
die of a scalpel. After separation for a distance 
of about 3 em., the incision is extended along 
the lateral margins of the dorsal surface of 
the organ. 

4) The mucous membrane is washed again, 
this time with alcohol (70°). The loosened 
part of the membrane is fixed in a specially 
designed clamp, as shown in fig. 3, 4, and 6 

5) The separated exterior portion of the 
membrane is fixed in the clamp and rolled 
around this instrument, thus uncovering the 
underlying deeper layers of uncontaminated 
epithelial tissue. 

6) The underlying mucosa consists of the 
stratum germinativum and some layers of the 
stratum spinosum. The mucosa is sliced from 
the exposed tongue surface with a sterile, 
sharp safety razor blade, mounted in a steri- 
lized handle. The muscular tissue of the tongue 
must be avoided, since lactic acid, which is 
nocuous to the virus, is formed during the in 
cubating period, 

7) The fragments of epithelial tissue, wit 
the attending small quantity of connective 


> 

hi 


H 
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Fig. 1—-Tongue ready for collection of the epithelia! 
tissue. 


Fig. 2—The tip of the mucosa fixed in the clamp to be 
rolled down 


Fig. 3—Sterile, deep layer of mucosa visible 


tissue, are placed in Tyrode’s solution and 
finely minced with special scissors 

8) To about 4 Gm. of the minced tissue is 
added approximately 15 mi. of virus diluted 
1:2 with isotonic buffer solution (Na,.HPO 
and NaH.PO,) pH 7.6. Five drops of a solution 
containing 100,000 units of penicillin in 20 ml 
of water and 5 drops of a solution containing 
1 Gm. of streptomycin in 20 ml. of water are 


included to insure bacteriostasis without dam 
ave to the cells To these is added 125 ml. of 
Baker's fluid The whole quantity is placed 
in «a wide-necked Erlenmeyer flask arranged 
for uération with carbogen (95 O, and 5% 


9) After incubation for twenty-four hours 


at 37 C., the virus is harvested by grinding 
the tissue with sterile quartz sand in a mortar, 
resuspending it in the medium that was used 
for cultivation, and finally separating it from 
the tissue by centrifugation. The supernatant 
fluid is then filtered through asbestos disks. 


Fig. 4—Clamp used for removing superficial layer of 
mucosa. 


Fig. 5—Construction of the clamp. 


DISCUSSION 


Although there is no appreciable multi- 
plication of cells in the epithelial tissue, 
sufficient cells survive to propagate the 
virus in large quantities. Generally, the 
concentration of the virus is as great as in 
tissue from inoculated animals. The fresh- 
ness of the tongue and the composition of 
the nutrient medium play an important part 
in the production of the virus 

Titrations of the virus are conducted in 
cattle following the method described by 
Henderson.’* Of each dilution, ten intra- 
dermic injections are made on the dorsal 
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surface of the tongue, the greater dilution 
being injected anteriorly. The titer 50 
end point) of the culture virus 1s deter- 
mined after the method of Reed and 
Muench.'* The titer usually varies trom 10 
to 10 * and sometimes slightly higher. 

By the methods dese: ibed, we have trans- 
ferred an A type virus through more than 
200 serial passages. More than 150 pas- 
sages of an O type virus have been made 

Histologic examinations indicate that the 
may occur after twelve 
Long-con- 
the 
the 


lesions in the cells 

to sixteen hours of 
tinued incubation is 
virus, and the indications 


incubation. 
detrimental te 
are that 


shorter the period, the better the virus 
yield. 

One tongue from an adult bovine animal 
yields an average of 4 to 8 Gm. of epithelial 


tissue. However, in addition, it has been 
found feasible to remove a portion of the 
from the inner side of the upper 
layers of the epithelium that have been sep- 
arated by means of the clamp. About 250 
mi. of may be cultivated from one 
tongue. 

Much detailed experimentation remains 
to be done in order to determine the opti- 
mum and most practical procedures How- 
ever, sufficient progress has been made to 
indicate that virus cultivated by this means 
may supplant the virus from living animals 
that is used in the present vaccine With 
the reduced costs and the greater safety of 
laboratory procedures, resulting from the 
use of this method, the fight against this 
dread malady will be more effective. 


tissue 


Virus 


SUMMARY 


A method is described for the ¢ ultivation 


of the virus of foot-and-mouth disease in 
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DISEASE 


surviving explanted epithelial tissue taken 
from the tongues of adult susceptible cattle 
The titer of the usually ranges 
from 10° to 10° 
The average quantity 
from the 4 to 8 Gm. of tissue harvested 
from each adult bovine tongue is 250 ml. 


virus 


of virus obtained 
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PARATUBERCULOSIS (Johne's disease) is a 
chronic infectious disease of cattle, sheep, 
and goats. The chief symptom is a chronic 
intermittent diarrhea without straining 
here is a gradual loss of flesh, even though 
the appetite may remain good. Infected ani- 
mals showing clinical symptoms usually die 
after a variable period of time. A thick- 
ening and corrugating of the intestinal 
mucosa near the ileocecal valve are usuall 
found on postmortem examination of the 
animals. The causative organism, Mycohac 
terrum paratuberculosis, is a small, rod 
shaped, acid-fast bacillus. It is often found 
in large numbers in the diseased mucosa 
and in adjacent mesenteric lymph glands 
Its morphology is so similar to that of the 
tubercle bacillus that positive differentia 
tion under the microscope is difficult or im- 
possible 

During recent years, the treatment of 
tuberculosis in human beings with anti- 
biotics and other ayents has received con 
siderable attention. Since Muycohacterium 
tuberculosis and M paratubherculosis are 
similar in morphology and cultural habits, 
it was considered desirable to studv the 
effectiveness of some of these products 
avainst paratuberculosis 


Streptomycin appears to be the most popula 


and effective agent now available for the 
treatment of human tuberculosis. Patients in 
the early stages of tuberculosis respond more 


readily to treatment with streptomycin than 


do patients who are in the advanced stages 
of the disease Clinical improvement, when 
it occurs, 1s prompt and obvious within the 
first two weeks of treatment In a study of 
45 positive cultures of M. tuberculosis iso 


lated from patients, 97 per cent failed to grow 
on mediums containing 1 «g. of streptomyci: 
per cubte centimeter 

The opinion has been advanced that, in the 


treatment f tuberculosis lesions of the 


mucou membrane respond more readily ts 
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Preliminary Studies on the Effect of Streptomycin and Other 
Agents on Mycobacterium Paratuberculosis 
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streptomycin treatment than do lesions of the 
parenchyma. Paratuberculosis being primarily 
a disease of mucous membranes, it seemed 


probable that it might be favorably influenced 


by streptomycin. Johnson’ found that 14 «g 
of streptomycin per cubic centimeter of liquid 
medium prevented growth of a culture of M 
paratuberculs 

A cow showing clinical evidence of Johne's 
disease was treated with 150 Gm. of strepto- 
mycin over a five-day period by McManus. 
The results were unsatisfactory because the 
cow gradually became worse and was destroyed 
several months later 

In addition to streptomycin, other agents 
were Investigated for their inhibitory effect on 
the growth of cultures of WM. paratuberculosis. 
These were promin, 4-aminosalicylic acid, stil- 
bamidine diisethionate, and pentamidine isethi- 
onate 

Promin has been used with good results in 
the treatment of leprosy The disease is 
caused by VW ycohacte: leprae, which is also 
morphological]: similar to M. paratuberculosis 

Since streptomycin was the only one of these 
agents which showed promise in in vitro 
studies, it was selected for in vivo studies to 
determine its possible effect on clinical cases 
of Johne's disease Because of the expense and 
the small number of clinical cases available, 
only preliminary in o trials could be made 


at this time 


IN Virro STuDIEs 


Procedure These studies were made on a 
liquid medium prepared from the following 


Ingredients 


Asparagine 14.0 Gm. 
Dipotassium phosphate LS Gm 
Sodium citrate 0.9 Gm. 
Magnesium sulfate 15 Gn 
Ferric citrate 0.3 Gm 
Dextrose 10.0 Gn 
Glveerir 
Distilled water to make L.000.0 
The medium was placed ! flasks 
! an int and inoculated 


Sever 
were 


| 

| 
| | 
i 
: 
| — 
4 
with tra Sof M thos 
" \ ‘ lay later flash vith iform growth 
. elected for the titrat ns Each dilution of 
: ‘ \e ' \ each agent tested was added to three flasks 


Additional flasks with an equal amount of 
growth were used as controls for each dilution 
All flasks alike and were kept 
side by side in the incubator at 37 C 

The dilutions of the materials tested ranged 
from 2,000 ug. per cubic centimeter of medium 
to 0.5 wg. per cubic centimeter of medium. All 
flasks were observed three times @ week for 
one month after adding the agents being tested. 
If no further growth had by that 
time in a particular flask, the growth in that 
flask was having inhibited 
by the agent being tested in the flask 


were handled 


occurred 


recorded as been 


RESULTS 

The results of the in vitro experiments 
are recorded in table 1 Pentamidine isethi- 
onate prevented growth of M paratubercu- 
losis when the medium contained 2,000 pg 
per cubic centimeter, but it did not prevent 
growth when the medium contained 500 pg. 
Promin, 4-aminosalicylic acid, and stil 
bamidine all prevented growth of M. pera- 
tuberculosis when the medium contained 500 
az. or more per cubic centimeter, They did 
not prevent growth when the medium con- 
tained 125 uf No further growth 
ot M. paratubere ulosis cultures occurred in 
flasks containing more than 1 ,»&. of strep- 
tomycin per cubic centimeter of medium 
However, the cultures contin ied to grow in 


or less 


two out of three 
streptomycin per ¢ ibic centimeter of medi- 
um and in all flasks containing 0.5 ux. The 
cultures in all control flasks grew at a nor- 
mal rate. 


IN Vivo STUDIES 


Procedure Since streptomycin pave the 


most promising results in itro studies, 


in 
plans were made to st idy its effect on clini al 


cases of paratuberculosis Two heifers and 2 


MYCOBACTERIUM PARATUBERCL 


flasks containing 1 pg. of 


375 


cows showing clinical symptonts of the disease 


were used in this study The diagnosis was 
confirmed by a positive int adermal johnin 


test and by the presence of typical acid-fast 


organisms in rectal scrapings when examined 


under the microscope 


The course of treatment varied with each 


animal. The dosage ranged from 2 Gm. per 
100 Ib. of bedy weight in animal 2, to 6 Gm. 
per 100 Ib. of body weight in animal 4 The 
streptomycin was dissolved in sterile saline, 
divided into several doses, and administered 
intramuscularly at six-hour intervals The 


length of time the animals were under treat 
from twenty-four hours for animal 
animal 3. Details of the 


in table 2 


ment varied 
2, to sixty hours for 
dosage are show! 

determine if a blood level of 
sufficient to inhibit the growth 


culosis in vitro was obtained, 


In order to 
streptomycin 
of M 


blood was drawn under 


pay atube 
sterile conditions from 
This 


three 


course of treatment 
and added to 
liquid medium containing two-week 


cultures of M 


animal 1 during the 
blood was 
flasks of 
old growing 


defibrinated 


paratube reulosis 


The blood was added at the rate of 1 ec. to 
each 4 cc. of medium Blood was also drawn 
from an untreated animal, defibrinated, and 


added to three additional flasks in the same 


manner 
OBSERVATIONS AND RESULTS 


The animals were ¢« losely observed during 
No toxic effects were 


showed 


and after treatment 

noticed. All animals 
provement within twenty four hours follow 
ing treatment. However, the 
was temporary, because symptoms rec irred 
in all cases from three to four weeks after 
treatment. Animals 1 and 2 died forty-eight 


marked im- 


improvement 


and seventy-one days, respectively, after 
treatment Animals 3 and 4 were destroyed 
seventy and thirty-six days, respectively, 


TABLE !|—Comparison of the Inhibitory Effect of Various Agents on Mycobacterium Poratuberculosis 


Cultures 
Agent tested 7.33 
a“ } 
4 
| 


= 
195° 
i 


LARSEN 


after treatment because they 
ered beyond recovery 

In the cultures to which the defibrinated 
blood of animal 1 further 
growth observed. However, in the 
flasks containing defibrinated blood from an 
untreated animal, the cultures continued to 
grow at the 
tures kept as controls. 


were consid- 


was added, no 


Was 


same rate as untreated cul- 


DISCUSSION 


Promin, 4-aminosalicylic acid, stilbami 
dine diisethionate, and pentamidine isethi- 
onate had to be added to the medium in 
relatively large amounts before any of them 
prevented growth of M 
It was concluded that none of the foregoing 
materials: showed enough promise to war- 
rant using them on the clinical material 
av iilable, 


paratuber culosis 


The results of the in vitro studies with 
streptomycin demonstrated that it pre- 
vented growth of a strain of M. paratu- 
berculosis when added at the rate of 1 pg 


per cubie centimeter to medium inoculated 
with M. paratuberculosis. A blood level of 
streptomycin high enough to prevent growth 
of M. cultures ob- 
tained in an animal under treatment; how- 
ever, the results with streptomycin in the 


paratuberculosis Was 


TABLE 
} 


2—Symptoms, 


VARDAMAN 


Dosage, and Effect of Streptomycin Treatment on 
tuberculosis 


(GROTH Am 


J. Ver 


Res 


treatment of clinical cases of paratubercu- 
losis were not encouraging, as observed on 
a limited number of cases In all of the cases, 
the improvement was temporary and no re- 
resulted. used 
in these in vivo investigations were in ad- 
the If therapy 
could be initiated shortly after the animal 
becomes infected and continued for an ex- 
tended period, the results might be more 
encouraging than those reported here. How- 
ever, treating a large anima] with the re- 
quired quantity of streptomycin would be 
expensive and not practicable under ordi- 
nary conditions. 


coveries The clinical cases 


vanced stages ot! disease. 


SUM MARY 


1) In vitro studies of promin, 4-aminosal- 
icylic acid, stilbamidine diisethionate, pen- 
tamidine isethionate, and streptomycin in- 
dicate that streptomycin was the only one 
of these agents that inhibited the growth 
of cultures of Mycobacterium paratubercu- 
losis in low concentrations. 

2) It was possible to produce, in a cow 
under treatment, a blood level of strepto- 
mycin high enough to inhibit growth of M. 
paratuberculosis when blood from 
the treated animal was added to the grow- 
‘ng cultures 


cultures, 


This animal had received 2.5 


linical Cases of Para- 
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MYCOBACTERIUM PARATUBERCULOSIS 


Gm. of streptomycin per 100 Ib. of body References 


weight during the 24-hour period Strey n in the Treatment of Tuberculosis 


” Pharmacy and Chemistry 


3) Streptomycin, when administered in 
doses not exceeding 36 Gm. and over pe riods ain 
not exceeding sixty hours, produced tem- } Enteritis of tule Virginia Agric, Exper 
porary improvement in cows showing clini- 
cal symptoms of paratuberculosis Improve- 
ment ceased three to four weeks after 


Personal corm 


treatment was discontinued, and the 


animals subsequently died or were destroy ed 


as incurable. However, more complete in 

vestigations are needed before final con- 

clusions are reached.* Such studies should 

include animals in various stages of the 

disease and reactors not showing clinical ; he 
symptoms. th ‘ e den 


fter tr t, these ant 
fast organtems 


: 
a OocTORRS 
| 
wv. Pub. Healtt | 
n. each receiving 
seven days At ae 
these animals was 
e's disease ai ee 
trated rectal 
*While thie paper was epared - ect nes 
oxwi pers nal communication) treated 2 cows were present In ta ray 
| 
| 
| 


ALDRIN* 18 the coined name for a chlori 
nated hydrocarbon developed as an insect! 
cide by Julius Hyman and Co. This product 
has proved to be highly efficacious in the 
control of certain insects such as yrass 
hoppers and boll weevils 

The purpose of the experiments was to 
study the acute, subacute, and chroni 
toxicity of aldrin to a number of the larger 
experimental animals. Steers, heifers, dairy 
cows, and sheep were selected for the 
studies 

Aldrin w 
the form of a residue remaining on alfalfa 
hay that had been tre: 1 in the field at the 


administered to the animais in 


rate of 0.5 lb. of aldrin per acre, by the add 
tion to the daily ration of known amounts of 
aldrin dissolved in corn oil, and by oral admir 
istration to the animal of a solution of aldri: 
in corn oil 

Various tissues, urine, and feces, as well as 
the milk from the dairy cows, were analyzed 
for aldrin. Biologic assays' were carried o 
with adult houseflies, and the chemical analyses 
were made by the use of the Danish-Lidov 


colorimetric procedure Histopathologic studies 


of the tissues from the experimental animals 
were also made 

The alfalfa used in these studies was treated 
with aldrin in the field at the rate of 0.5 li 
per acre. The alfalfa was cut eight days after 
the application of the insecticide, dried and 
baled in a normal manner, and stored in a 
barn from which it was fed to the appropriate 
animals. The treated and untreated hay was 
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substituted for normal hay as the sole source 
of roughage for certain animals. Alfalfa hay, 
ble in quality to the sprayed hay cut 
from part of the same field where the hay was 


compara 


not fed to certain animals for 


weight gains and other comparisons. Several! 


treated, Was 


samples were taken from the treated alfalfa 
luring the course of the experiment and the 
residues of aldrin were estimated by means of 
biologie assays with houseflies; by this proce 
dure, not more than 8 parts per million 
(p.p.m.) of aldrin were found on the treated 
alfalfa at any time 


EXPERIMENT | 


Eight nonpregnant and pregnant ewes 
were used to study the effect of aldrin on 
sheep After sufficient time had lapsed for 


them to become ace! mated, they were sé pa 


rated into groups One group, consisting of 
i ewes, was fed daily for 169 consecutive days 
a ration containing approximately 4 Ib. of 
aldrin-treated hay per animal. At the end of 
this period, 1 ewe was sacrificed for autopsy 


and to furnish tissues for bio-assay and chem 
ical examinatior Two of the ewes were 
slaughtered ninety days after their removal 


from the ration containing aldrin, and the 
fourth ewe was slaughtered 120 days after 
her return to an aldrin-free ration. Tissues, 
I 
of body fat, were removed for bio-assay and 


articularly the internal organs and specimens 


chemical examination to determine quantita 
tively the presence of aldrin in the organ or 
carcass. This was essentially a search for 
residual aldrin after time had elapsed for 
the body to free itself of the compour d. 

rhe sheep designated as controls ate a ration 
identical to that of the sprayed-hay group, 
except that if contained no aldrin. These ani- 
mals were used for purposes of comparison, 
particularly regarding gain or loss in body 
weight and quantities of hay consumed 


To obtain a more 


exact dosage of aldrin, | 
ewe was given single, daily dosages of the 
compound dissolved in corn oil and mixed with 
the dry portion of the ration, at the rate of 6 
mg. of aldrin per kilogram of body weight 


After receiving 15 doses of the treated feed, 
the animal refused to eat and the subsequent 
doses were given as a drench. On the twenty 
eighth day following the start of this phase of 
the experiment, the ewe showed symptoms of 
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TABLE |—The Effect on Health and Tissue Analysis of Animals Fed Aldrin-Spreyed Hay 


Biologic assay* 
positior p.p.m. of 
aldrin average 
(2 aseays) 


Fffect 


health 


Fat 
Liver 
Kidney 
Brain 


ymentum fat 
Subcutaneous fat 


Omentum fat 


TABLE 2—The Effect on Health and Tissue Analysis of Animals Given Measured Doses of Aldrin 


Bi aseay® 
(2 asta) 


Spleer 


| 
OcronER, 1950 379 
N days 
fed 
sprayed on 
Animal hay ‘ 
None Slaughter Fat 0.56 
Nome Staughter 2.00 
oo 
1.50 
1.60 
= 
None Slaughter 100 
1.00 
4036 Nome Slaughter 0.00 
102 None Slaughter Fat 
Liver 0.60 
Kidney 0.50 
$024 None Fat obtained by bios Omentum fat 0.2 
1 None Fat hbtained by Omentum fat 
4001 2 None Fat obtained by Omentum fat 
‘ 
Nome fat sa it ‘ : 
*An accurate ‘ test for aldrin was not available when this W rk was done 
returned from pasture in an emaciated conditior 
4 
Tota 
I> aldrir Ni av 
lose sumed days Pat 
Animal me ke.) (Gr fed healt! Fat ea Kidney Liver Hib Brain Bile fn 
) 10 Deatt 11 12.5 18 7.6 
1042 4 17.68 21 Deatl 1.4 2 0 12 2 
t d muscie} 
Cow : 
7 0.68 22.0 19 16 
Heifer : 
102 0.520 64 Sy my 
day.** 
tt 
lay 
Fat ot 
tained 
Helfer 
4027 18.56 None 
fat 
Heifer 
fat 
pry 
fan a rate hen al test for aldrin was not ava able ahen t? work Ww done ; 
e*}>isturbance of the entral nervous system, °**Trace 
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and 
such as 


hy persen 


leg weakness, 
stimuli, 

noise or the touch of a hand or a stick. The 
animal died two days after the symptoms ap- 


incodérdination, 


sitivity to external sudden 


organs and the 
bio assay and 


peared. Samples of the vital 
body fat were removed for 
chemical examination 

A dog fed the organs and meat from this 
ewe died from aldrin poisoning. Biologic assay 
of the liver and the brain from this dog showed 
12 p.p.m. of aldrin in each organ 


EXPERIMENT 2 


Twelve head of cattle of mixed beef breeds, 
ranging from 350 to 500 Ib. in weight, were 
obtained for the study of the effect of aldrin 
en growth as well as the acute and subacute 
dosage range. Two lactating Jersey cows were 
used to study the effect of aldrin on milk secre- 
tion, particularly to find the rate of elimination 
compared to the storage rate on @ measured 
intake of the chemical. Four heifers were 
placed on a ration containing approximately 
9 Ib. of the aldrin-treated alfalfa hay per am.- 
mal, per day. All of these animals ate this 
ration for 213 days. At the end of this period, 
1 heifer was slaughtered and the vital organs 
with specimens of the body fat were removed 
for laboratory examination. The remaining 
heifers were placed on frest free 
from insecticidal residues, for ninety-six days 
Following the pasture season, samples of fat, 
approximately 100 Gm. in weight, 
tained by biopsy from each of these heifers. 
These samples were taken from the omentum 
and were examined both by biologic assay and 
chemical analysis for residues of aldrin 

The cattle designated as controls ate a ration 
identical with that of the sprayed-hay group, 
except that it contained no aldrin-treated hay 
These animals were used for comparison, par 
ticularly in their rate of growth and hay con 
sumption 

In order to obtain a more exact dosage of 
aldrin, 5 of the beef known 
amounts of aldrin dissolved in corn oil and 
incorporated in the dry portion of the ratior 
fed to these animals. A steer was fed aldrin 
daily at the rate of 7.5 mg. per 
body weight. On the eighth day, the 
showed hyperirritability followed by 
nation and leg weakness 
and the animal died on the tenth day 
mately, 19 Gm. of aldrin had beer 


pasture, 


were ob 


cattle were fed 


kilogram of 
steer 


incooral 


Convulsions followed 
Approx! 


consumed 


EXPERIMENT 


A heifer, fed aldrin at the rate 
per kilogram of body weight as a 
developed 
seventh day 


symptoms of poison 


similar to those of the 
animal deveivped convulsions and died on the 
twenty-first day. A total of 17.7 Gm. of aldrin 
was consumed 
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Another heifer was fed daily doses of aldrin 
at the rate of 2 mg. per kilogram of body 
weight. Symptoms similar to 
in the steer and heifer also were observed in 
this animal but did not appear until the 
twenty-ninth day. In spite of the fact that this 
heifer ‘r allotted 
of aldrin, she had returned completely to good 
health by the fiftieth day and, after sixty-four 
of continued feeding of the compound, 
pasture for the graz 
of aldrin was 
she remained 


those observed 


continued to ingest } dose 


days 
was turned out on clear 
A total of 33.28 Gm 
consumed by this animal. After 
on pasture for one hundred days, a sample of 
the laboratory 


ing season 


fat was obtained by biopsy for 
examination for residual aldrin 

4 third heifer was fed aldrin at the rate of 
1 mg. per kilogram of body weight per day 
for a period of sixty-four days. At no time 
during the feeding, or later, were symptoms 
of aldrin poisoning observed 
After one hundred days u 
sample of omental fat was obtained by biopsy 


in this animal 


a clean pasture, a 


from this anima! and examined, both by the 
chemical and biologic assay A total 
of 18.56 Gm. of aldrin was consumed during 
the feeding period 

The fourth heifer was fed aldrin at a dosage 
kilogram of body weight 
This animal did not show 
joilsoning at any time 


methods 


level of 0.5 mg. per 
for a 64-day period 
any evidence of aldrin 
Following a pasture season of one hundred 
days, a fat sample was obtained by biopsy for 
laboratory examination. A total of 7.23 Gm 
of aldrin consumed during the feeding 
period 

One of the Jersey was fed aldrin 
treated hay for a period of five months with 
out showing This 
cow had been bred for one month before the 
start of the fee« 
a normal calf three months after returning to 
from the compound. A 
Jersey cow was fed aldrin at the dosage level 
of 2 mg. per kilogram of body weight, per day 
Symptoms identical to those formerly described 
for this type of poisoning in cattle appeared on 
the eighteenth day Milk rapidly 
decreased as m of the animal in 
Death occurred on the forty-first day 


consumed was 22 


was 
cows 


any evidence of poisoning. 


ing experiment and produced 


a ration free second 


secretion 
emaciati 
creased 
The total amount 
(ym 

A dog fed the 


f aldrin 


organs and part of the meat 


(skeletal mus« ) of this cow died from aldrir 
poisoning. Biologic assay of the liver and the 
brain of the dog showed 8.2 and 10.0 p.p.m. of 
aldrin respective 


RESULTS 


The res ilts of these studies can be 


marized as follows 
1) Neither the sheep nor the cattle fed 
aldrin-spraved alfalfa hay showed any toxx 


sum- 


ofr 4 me 
jaily dose, 
on the 


STUDIES OF 


effect during the feeding periods of 169 and 
213 days, respectively 

2) Less than 4 parts per million (p.p.m 
of aldrin were found in the liver and only 
2 p.p.m. of aldrin were found in the body 
fat of a ewe eating aldrin-treated hay for 
a period of 169 days. There were no sy mp 
toms of poisoning at any time m this ani 
mal. Fat samples, obtained by biopsy from 
the beef cattle fed aldrin-treated hay for 
213 days and then pastured on aldrin-free 
months, proved t 

of aldrin 


grass for three contain 
less than 1 p.p.m 
3) There of aldrit 


iney, 


was less than 1 p.p.m 
found in the tissue examine d (liver, ki 
brain, and body fat of the heifer tea 
aldrin-treated hay for a period of 160 days 

1) In the tissues of the anin als whict 
died after eating aldrin fed at daily 
ranging downward from 7.5 to 2.0 mg 
kilogram of body we ight, the chemical 
recovered in ranging 
p.p.m. to less than 1 p.p.m. The body and the 


le vel 


amounts from 50 
perirenal fat contained the largest amount 
of the compound This group 
of 1 steer, 1 heifer, 1 Jersey cow, and 1 ewe 
The omental fat of 3 heifers fed aldrin at 


consiste a 


ALDRIN 381 


levels of 2.0, 1.0, and 0.5 mg. per kilogram 
of body during a 
period of sixty-four days contained less than 
1 p.p.m. when biopsied after the heifers 
grazed one hundred days on a pasture free 
from aldrin 

5) The cattle 
the 
those eating hay comparable in 


weight, respectively, 


in the sprayed-hay group 


showed same average gain in body 
weight as 
quality but free from aldrin 

6) The milk from the 


aldrin treated alfalfa hay did not show any 


Jersey cow fed 
trace of aldrin at any time during the feed 
ing period (91 days 

the kidney 


were miformly observed tn those 


7) Degenerative changes in 
and liver 
animals dving from measured dosages of 


aldrin 
Various details are summarized in tables 
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VIII. Preliminary Studies on the Specificities of Acid-Fast 
Allergens 


L. A. BAISDEN, M.S., Ph.D.. H. W. JOHNSON, M.S., D.V.M., 
and A. B. LARSEN, D.V.M. 
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BUREAU OF ANIMAL INDUSTRY | BAI) intra- chemical, physical, and biologie. Further de- 
dermal johnins and tuberculins have been tails of the treatments are given in the results 
shown to contain nonspecific Tactors which vai soa a the different products of the 
cause them to Experimer Des Two procedures, of 
ogous acid-fast microorganisms.' Attempts They were the design used in the “potency 
to increase the Sper ificity of these allergens unit” method of assaying the potencies of 
have been made in the Bureau laboratories ohni as descril hy Johnson’ and a stati 

for a number of years. As a basis for evalu descri ry adley 107). 


ating the changes in specihicities, methods 


for assaying potencies of tuberculins and 


variations due to 

al centration and mate- 
inins have been developed and desc! bed 

johnins h . al differences, and skin region differences. It, 


) an adley®.* working in the 

by Johnson “a Wadh “ey therefore, did not al e estimation of ex- 
Department of Agriculture his paper erimental s which could be used in deter 

presents briefly the results obtained In @ mining th ‘rences in specificity required 

number of attempts to modify the speci f sis ican us experiments 
icities of johnins and tuberculins a good evaluatior 

} of variation and 


was to sub 


The general plan of the on 
ject BAIL intradermal johnins and BAI 
human and avian tuberculins to Various 
treatments known to affect proteins and 


he estimation ¢ ! I *s In specificities 
quired for sigt onsequently, it was 
Both desig utiliz } increase in skin 
then determine which treatments had af 
fected the specificities of the tres mn om an injection as the fundamental measure 
terials in comparison with those f of response. The skin thickness at the site 
original allergens. The comparison ired before the injec 
made by simultaneous injection f th tion of 3 lution of the allergen under study 
rived and original he injection 
ficially sensitized were made with 
terium paratubers eribed by Kum 
ose rin al ! i which were 
MATERIALS AND METHODS method 
iI don 3% te omologously sensitized 
Treaty The treatr wel h al mi of heterologously 
injections, 32 
ns each, was 
eacn cow, 
h were evalu 
were taken on 
Siaty 


neen 


it 
Ml \ trations each, materia at four 
P t ‘ trations each, were located on the skin of the 
inimais i mre that a neentra 
‘ of the 3 “ute it were kept adjacent 
chats o each other all animals, but the order of 
Mr ! jacement of the naterial themselves Was 
\ 1 \ 
‘ ‘ 
randomized rov w ft cow 
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The parent, or original, BAI allergens use 
as standards in this work, as well as certair 
other materials, were tested on an Old Johnin 


(OJ)-Old Tuberculin (OT) basis.* Bureau of 
Animal Industry intradermal acid fast a 
gens are us¢d in field work at a strength of 
% OT or QJ. Certain of the 
in this work, especially solutions of precipi- 
tates, were tested on the basis of their nitrogen 
content. For of comparison, a solu 
tion containing UV per cent nitrogen was con 


solution of % OT ot 


materials used 


purposes 


sidered. equivalent to a 
OJ strengt! 

Evaluating both 
the relative potencies of a material on 
heterologously 


Specincities Ir designs 


homo 
logously sensitized cows and or 
sensitized cows was the basis of evaluating its 
specificity 


In the evaluation of the potency « f a mate 
rial by the potency unit m«é thod, the total 
potency units were cal ilated by adding the 


products obtained by multiplying the dilutior 
factor by the response in millimeters increase 
in skin thickness, for all concentrations or all 


cows. Specificity changes were detected by 
comparing the total potency units of an un 
known with those of a standard or homo 


logously sensitized cows and on heterologousl) 


sensitized cows. If the total potency units of 


an unknown equalled the total for the stand 
ard on the homologously sensitized cow and 


TABLE |—Effects of Various Treatments 


the total for the unknown were less than the 


total for the standard on heterologously sens! 
tized cows, the unknown was 
specific than the standard 

For complete details of the statisti al mett 


*Koch's 
evaporating culture 
the origina! mecium 


Old Tuber r 


strength is obta 
filtrate to 1/1 
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on the Specificities of Acid-Fast Allergens 


deemed more 


Vill 


ods used, the reader is referred to the papers 
by Wadley aiready mentioned and to papers 
by Bliss and Marks" and Yates 

The evaluation of potency by the statistical 
methods was based on the fact that a practi- 
eally linear relationship existed hetween the 
logarithms of and the re 
which relationship permitted, with a 
estimation of the 
yield a certain 
were made 
logarithms of the concen 


concentrations 
sponses, 
fair degree of accuras y, the 
concentration 
response. Potency 
from the estimated 
trations of two materials which were required 
In a similar man 


required to 
‘ omparisons 


to produce equal responses 
ificity of a material was estimated 
logarithm of the concentra 


certain 


, the spec 


by comparing the 


tions required to give a response on 


omologously sensitized cows with that re 
quired to give the same response on hetero 
logously sensitized cows The differences be 


two logarithms was the specificity 
ratio of the 


tween these 
factor, or the 
potencies on the two A material 
which had a factor or ratio 
of potencies on the two sensit zations than did 


logarithm of the 
sensitizations, 
higher specificits 
the standard had a higher specificity 
Significance of differences in specificities 
was calculated by using the follow ng formula 


which s Is an exper 


in 


‘ of alerger 


error which depended upon tne cow 
of both sensitizations and 
f both sensitizations, b av 
lines relating logarithm of 


mate 


mental 
variances for 
the error variances 
is the slope of the 
concentration to response for the 
rials being compared, and n’ is the total num- 
of any one material per 


cows 


two 


ber of injections 


sensitization. 
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Protein precipitants I 
Ethyl aicot fractionatior 3 
At high concentratior 1? I ‘ 
At low concentra ! " 
Surface active agent r detergent 
Cationk 
Reducing age ‘ I 
Oxidizing agent mit T) ‘ 
Protein ¢ Ip reagents Oor Oorl 
Fractionation itrafiitration (acet acid 
collodtor o oO 
let trradiation ‘ 
Variation of glycer nitrogen ra f ediur 
Contamination with a mold and a bacteriut oO : 
Pepsin o 
Trypalt DD 
text. O no effect of importance lecrenane marke decrease i 
ed by 
ime f 


summarized briefly 1 and are given 


in detail below 


Trichloroacetic acid was used at a 


weak alkali, and tested on 
two by the statistical design 

In one of the statistically de 
though not significant, increase in 


others only a slight increase 


of 0.8 per cent plus 
eight experiments. 


In one of two experiments of 


only four of the six experiments tested 
by the potency unit desig? 


LARSEN 


lins used in the Bureau for testing 
cattle) 

Human tuberculin was fractionated by 
precipitating with ethyl alcohol at 50, 


67.5, 75, 87 


trations 


and 95 per cent concen- 


Results: In one experiment of statis- 
tical design, the fractions precipitated 
by the lower concentrations showed 
slightly decreased specificity, while the 
fraction precipitated by 95 per cent al- 
cohol, and the final filtrate itself, 
showed slightly increased specificity as 
compared with the control 

Reducing agents on human tuberculin 
Sodium thiosulfate was added to a 
solution of a silicotungstic acid pre 
cipitate to make a final concentration 
of about 0.05 normal 

Results: The treatment caused a sig- 
nificant increase in specificity in one 
of three experiments of statistical de- 
sign and caused increases in the other 
two experiment 

Sodium hydrosulfite was added to a 
solution of silicotungstic acid precipi- 
tate and the mixture held at room tem- 
perature for about two weeks. A pre- 
cipitate developed, making the treat- 
ment objectionabie 

Results: A slight increase in specificity 
was shown in the one experiment 
which was tested by the statistical 
design 

Sedium bisulfite solution was uséd to 
treat a heotungstic acid precipitate 
in solid form for twelve hours. The 
precipitate was then washed and dis- 
solved for test by the statistical de- 
sign The bisulfite was prepared by 
passing sulfur dioxide into a 0.5 nor- 
mal sodium hydroxide solution until a 
pH of 2 was reached 

Result \ significant increase in spe- 
eiheity was produced 

4 commercial anionic detergent on 


johnin and a commercial cationic de- 


tergent or iman tuberculin 
The anionic detergent was used at a 
final concentration of 0.57 per cent to 


treat BAI johnin for a period of twelve 
to twenty-four hours. The resulting 
precipitate was discarded and the su- 
pernatant solution tested, without fur 
ther changes, in three experiments. In 
another experiment, the potent mate- 
rial of the supernatant solution was 
precipitated by silicotungstic acid and 
redissolved in a smaller volume for 
test. 

Results: Considerable, though not sig- 
nificant, increase in specificity was ob- 
served in two of three experiments 
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RESULTS 
The results of these experiments are 
1) Treatments Which Produced Important 
Effects on the Specificity of BAI Intrader i 
mal Johnins and Tuberculins 
A) Protein precipitants o hnin 
centration of 8 per cent to produce f= 
precipitates of johnin protein. The ‘ 
precipitates were washed with | pe 
cent solution of the same reagent, re 
dissolved with the aid of a small 
en in the 
served 
2) Silicotungstic acid at a concentration ; 
2 per cent concen 
used similarly ir 
Results: 
statistical design, a considerable in 
crease in specificity wa bserved. In | 
increase n specificity observed 
') Acetone was used in a ratio of nine 
volumes to one to produce a precipi 
tate which was tested by the statis ; 
tical design in one experiment 
Result 4 considerable tacrease, not 
a significant, in specificity was prod iced 
ja) Ethyl aleohol at a concentration of 
. 25 per cent and at varying acidities 
. Was used &s a precipitant In one ex 
- periment tested by the potency unit Dy) 
desigt 
Result \ slight nerease spe 
; tained at the high acidit of about 
pH 1 
th) Ethyl alcohol was also used at a pH F 
of about 6.0 and at 67.5, 75, 87.5, and 
0h per cent concentrations in an ex 
periment tested by the tatistical de 
sign 
Result \ slight increase in specificity 
was shown by the precipitate at 67.5 
per cent alcohol. Decreases in spe 
cificity were shown by the higher 
alcohol concentrations 
BR) Ethyl alcohol fractionation of human 
tuberculin (BAI intradermal tubercu 
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tested by the statistical design, while 
a slight increase was observed in the 
No change in specificity was 
in one experiment tested by 
unit The 


lowered in experiments 


third 
observed 
the 
was 
the 


The cationi 


potency 
with 


potency design 


all 
anionic detergent. 


detergent was used at a 


final concentration of 0.14 per cent t 
treat BAI tuberculin by the same pro 
cedure used to treat johnin with the 


anionic detergent. 
Results: In two of three experiments 


tested by the statistical design, siz 
nificant increases in specificity were 
observed, while a slight decrease Was 
observed in the third. No change was 


experiment tested 
gn. As was the 
detergent on 
| 


lowered in all 


observed in the one 


by the potency unit d 
with the anion 
the potency was 
with the 


case 
ohnin, 
experiments cation 
gent 

and tryp 
tuberculin 


of the enzymes pepsi! 


ohnin and human 
proteins 

Quantities of johnir 
man tuberculin protein were prepared 
volumes of 


protein and hu 


by precipitation with nine 
Fights 


were 


four milligrams of 
each protet dissolved in 20 
of water and the pH of the two mix 
tures with HCl. Forty 
milligrams of crystalline pepsin and a 
volume of toluene were added t« 


acetone 


adjusted to 1.9 


small 


each mixture After incubation for 
twenty-four hours witl occasional 
shaking, half of each mixture was re 
moved, its pH readjusted to 7.1, and 
it was heated at 100 ¢ for fifteer 
minute The other half of each mix 
ture was incubated five days before its 
pH was readjusted and it was heated 
Results: Both variations with pepsi 


lecreased the specificity of tuberculir 


experiment of sta 


the five 


significantly tn one 


tistical design. However, ever 

day treatment did not affect the spe 
emicity of ohnit The potencies on 
homologous sensitizations were not ap 
preciably lowered 

Similar solutions of johnin and tuber 
culin proteins were treated with tryp 
sin in the same manner except that 
the pH before incubation was adjusted 
to 7.56 with NaHco 

Results: Highly significant decreases 
in the specificity of tuberculin were 
observed. A _ significant decrease was 


observed with johnin in the case of the 
five-day treatment, and a nearly sig 
nificant decrease in the case of the 
one-day treatment Marked lowering 


of the homologous potency of both pro 


teins occurred. 


JOHNIN 


2) Treatments 
Effects on 
Fast 

On human tuberculin 


AY 
By 


acid, 
acid, an 
concentrations of ethyl alcohol. 
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Which Produced Unimportant 
the Specificities of BAI Acid- 
Allergens 


Precipitation of protein with: acetic 
trichloroacetic acid, silicotungstic 
anionic detergent, and lower 
concentrations of for- 


Refluxing with 


malin varying from 0.06 to 4 per cent. 
Treatment with various protein group 
reagents”” erythrosin dye, nitrous 
acid, ninhydrin, mustard gas and its 


«ulfone, and the mild oxidizing agent, 
chloramine-T 
Treatment with the 
turants: urea and guanidine 

The physical treatments: exposure to 
ultraviolet light and filtration through 
graded acetic acid-collodion filters 

The biologic treatments: contamination 
with a mold and a bacterium, modifica- 
tion of the glycerol-nitrogen ratio of 
the culture medium, and the modific a- 
tion of the physiologic state of the 
organisms by harvesting at various 
less than eleven weeks. 


protein dena- 


ayes 


On avian tuberculin 


Precipitation by protein precipitants 
acetic acid, trichloroacetic acid, silico- 
tungstic acid, and the anionic and ca- 


tionic detergents 
Refluxing at pH values 2.1, 3.5, and 8.5. 


Refluxing with various concentrations 
of formalin 
Treatment with the protein group re- 


agents: nitrous acid and ninhydrin. 
Treatment with urea 

Treatment by the physical method of 
ultrafiltration 

On joht in 

Precipitation with protein precipitants 
acetic acid and the cationic detergent. 
tefluxing at pH values of 2.1, 3.5, and 
ALD 
tefluxing with various concentrations 
of formalin 
Treatment with the protein group re- 
agents: erythrosin dye, nitrous acid, 
ninhydrin, mustard gas and its sulfone, 
chloramine-T, and reducing agents such 
as sodium thiosulfate, sodium hydro- 
sulfite, and sodium bisulfite 


Treatment with denaturants 


protein 
urea and guanidine 
The physical treatments: exposure to 
ultraviolet light and filtration through 
graded ultrafilters 

The test of filtrate from young cultures 


DISCUSSION 


Green and coworkers in England* and 
McIntosh and Konst in Canada'® have re- 


le A 
FE) | 
1) 
| 
iq 
| 
A 


ported evidences of alterations in the spe 
cificities of acid-fast allergens, ae deter- 
mined by skin tests on guinea pigs. The 
chief importance of the findings of the ex- 
periments reported in this paper 1s that 
they indicate that the specificities of acid- 
fast allervens can be altered even when the 
resulting products are tested on artificially 
sensitized cows 

In none of the experiments in which the 
effects of precipitation on johnin were 
studied was a statistically significant in- 
crease in the specificity noted, but some in- 
crease was noted in 12 of the 16 experi- 
ments. The treatment appeared to effect a 
real increase in specificity. It is possible 
that the methods of assay were not precise 
enough to show significant increases for 
these materials in the individual experi- 
ments. Under the conditions of these tests 

only one replication of a material per 
animal was used and inadequate attention 
was paid to the adjustment of concentra- 
tions—high slopes in the logarithm of con- 
centration-response relationship were not 
obtained. Workers in England have ob- 
tained results which indicate that trichloro- 
acetic acid precipitation of johnin increases 
its specificity.’ 

No good explanation of the fact that pre- 
cipitation appears to increase specificity can 
be given at this time. It seems rather un- 
expected that any change in spec ificitys 
should be effected, since it does not seem 
possible that much in the way of fractiona- 
tion is accomplished, especially by such 
powerful precipitants trichloroacetic 
acid, silicotungstic acid, and acetone. How- 
ever, two explanations are suggested. The 
first is that at least a partial fractionation 
occurs, and that the larger molecules, which 
may be more susceptible to changes in pH 
and electric charges, are the more specific 
The second is that during precipitation, 
with its resulting increased juxtaposition 
of the formerly dispersed molecules, some 
type of polymerization of the molecules 
takes place which covers up the nonspecific 
factors. In this connection, Seibert and co- 
workers'? found that precipitation and con- 
centration by ultrafiltration apparently 
cause polymerization of tuberculin protein 
molecules. Perhaps the first explanation 
offered is the more tenable, but attention Is 
called to the indications noted in this work 
that the commercial anionic detergent pro- 
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duces a precipitate which when removed 
leaves a supernatant which is more specific 
than the original johnin 

It is noted in the section on “Results” 
that the johnin fraction ot tainable by pre- 
cipitation with 67.5 per cent ethyl alcohol 
showed increased specificity, while those ob- 
tained at higher concentrations snowed 
reduced sper ificity Just the reverse 
occurred with tuberculin, the increased 
specificity being found in the fractions 
obtained above 87.5 per cent and the 
reduced specificity in the fractions below 
this concentration. Thus, there is 4 sugges- 
tion that the larger molecules of johnin are 
the more specific, and that the smaller 
molecules of tuberculin are the more spe- 
cific. Such a conclusion seems unwarranted 
in view of the fact that both pepsin and 
trypsin, which break larger protein mole- 
cules into component parts under conditions 
used in this work, were found to produce 
significant decreases in the specificity of 
tuberculin. The dependence of the spe- 
cificity of johnin or tuberculin upon molecu- 
lar size is thus highly uncertain and can 
be tested only by preparative methods giv- 
ing accurate information as to molecular 
size. As indicated in the section on ‘Re- 
sults,” the use of Seibert’s acetic acid- 
collodion ultrafilters'* did not give consis- 
tent results. 

The findings that reducing agents appear 
to increase the specificity of tuberculin and 
that proteolytic enzymes decrease its spe- 
cificity encourage future attempts to deter- 
mine the chemical basis of specificity or 
nonspecificity in acid-fast allergens Al- 
though the latter treatment produced ef- 
fects on both johnin and tuberculin opposite 
to those desired, the results indicate that 
specificity can be altered 

The differences in the activity on johnin 
and tuberculin proteins of the two enzymes 
further emphasized the differences in the 
two allergens. 

The majority of the other treatments 
mentioned in the section on “Results” was 
tested in a number of variations and in a 
number of experiments, but none gave 
marked or consistent changes in specificity 
of the allergens 


SUM MARY 


The main points of interest to be derived 
from these intradermal tests of treated 


4 
i 
: 


(oTOBER, 


acid-fast allergens on artificially sensitized 
cows are as follows: 

1) The specificity of Bureau of Animal 
Industry (BAI) intradermal johnins was 
apparently increased, though not signifi- 
cantly, in 12 of 16 experiments by precipi- 
tation with protein precipitants. 

The increases appeared to be real but 
were not statistically significant because of 
the techniques used in testing. The con- 
sistency of the results indicates that the 
treatment furnishes a lead for further work. 

2) Along with other evidence, the re- 
sults obtained in fractionating BAI intra- 
dermal johnin and tuberculin with ethy! 
alcohol emphasized differences in the aller- 
gens. A fraction of johnin possessing in- 
creased specificity was precipitated by 67.5 
per cent alcohol, while the fractions pre- 
cipitated by higher cone entrations pos- 
sessed reduced specificities. The reverse 
was true with tuberculin, the concentrations 
greater than 87.5 per cent alcohol produc- 
ing the precipitates of increased specificity. 

8) The reducing agents, sodium thiosul- 
fate, sodium hydrosulfite, and sodium bi- 
sulfite increased the specificity of a silico- 
tungstic acid precipitate of BAI human 
tuberculin—in two cases significantly. 

4) Pepsin produced significant decreases 
in the specificity of an acetone precipitate 
ef tuberculin, but did not affect that of a 
similar precipitate of johnin. Trypsin de- 
creased the specificities of precipitates of 
both tuberculin and johnin significantly. 
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5) The findings indicate that, as deter- 
mined by tests on cattle, alterations of the 


specificities of acid-fast allergens are pos- 
sible 
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MANY REPORTS have appeared in the litera- 
ture concerning the efficacy of combined 
streptomycin and sulfadiazine treatment 
against the various of the 
Brucella 


species genus 


LITERATURE CITED 


Karlson and Feldman’ reported on the bae 


teriostatic effect of streptomycin in low con 
centrations im vitro against a wide variety of 
bacteria, among those, Brucella abortus. Jones 


et al found that the chicken embryo could be 


protected against Br. abortus infection by 
treatment with streptomyeir Work of Spink 
et al.” showed that either streptomycin or 
sulfadiazine administered alone to chicker 
embryos previously inoculated with Br. abortus 
prolonged the lives of the embryos, but did 
not eradicate Brucella However, when the 
two were injected simultaneously, the sur 
vival rate was greater and Brucella was ab 


sent from the tissues of a majority of embryos 
Live et al.’ and Gilman Le Grow’ re 
ported on the effect of the treatment of experi 
mental brucellosis in the with 
streptomycin. From their seemed 
that if streptomycin therapy 
long enough, it had a definite de 
on the course of the disease 
Herrell and Nichols" 


and 
guinea pig 
reports, it 

were continued 
terrent effect 


reported on the treat 


ment with streptomycin of % cases of undulant 
fever showing bacteriemia. They say, “Whilk 
it was apparently possible to sterilize the blood 


stream temporarily from Brucella, the course 
of the disease and change in the patients’ well 
being were not permanently altered In one 
case, however, the patient experienced a good 


response to streptomycin therapy following 
splenectomy,’ 
Eisele and McCullough and Spink ef a 


have reported on the satisfactory use of con 
bined therapy in cases of brucell nh ma 
Eisele and McCullough stated, “No effect was 
noted on the clinical course, the fever or the 
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¢xperimental Therapy of Brucellosis in Swine with 
Streptomycin and Sulfadiazine 


L. M. HUTCHINGS, D.V.M., M.S., Ph.D., DORIS E. BUNNELL, B.S., M.S.. 
and W. W. BAY, B.S., D.V.M. 


Indiana 


septicemia (¢ 
and sulfadiaz 
The 


and sulfadia 


doses 


and bacteriolk 


Since 


similar in its 
man, and because ¢ 


prior to and 
ment Trea 


wo groups 


simultaneous 


1 the one 


case) when streptomycin 


ine were used separately in large 


of streptomycin 


prompt clinical 


use 


Zine 


resulte 
wic cure.’ 


e brucellosis 


is apparently quite 
manifestations to brucellosis in 
if the relative ease of study- 


ing the course of the diseases in swine, it 
seemed advisable to use the pig as an experi 
mental animal in an attempt to evaluate bac- 
teriologically the combined sulfadiazine-strep 
tomycin therapy as used in mat 
EXPERIMENTAL PROCEDURE 

Three experimen ts were conduc ted using a 
total of 30 pigs, weighing between 47.5 and 
127.0 Ib. Ten animals were used in each ex 
periment, 5 serving as controls and 5 treated 
Streptomycin listilled water was admin 
stered intramuscularly at the rate of 2 Gm 
per day, 1 Gm. at & a. m. and 1 Gm. at 4:00 
p. m, in each serives In the first group, the 
treatment wit! treptomyci va continued 
for seven day In the other two groups 
the streptomycin therapy was prolonged for 
fourteen days Sulfadiazir administration 
vas started in each group simultaneously with 
streptomycu vas ntinued for twenty 
ne day ' i three grouy Each dose of 
sulfadiazine wa ispended in approximately 
100 ec. of distilled water and was given orally 
with a dose ee The tarting dose of 
sulfadiazine was 1.5 @ per pound of body 
weight and com g dos were 0 gr. per 
pound of body weight, twice a day at &:00 a. m 
and 4:00 p.m The dose wa ed somewhat 
nan attempt keep the blood level of sulfa- 
liazine are 15 mg. per 100 ec f blood. The 

fadiazir ‘ va etermined 
the arnice ood termination unit 
prepared he LaMotte Cc pa a or 
netric determ ath 

Blood culture and seru agwiutinat mn tests 
were conducted twice wee} for a short time 


luring the ‘ tine experi 
tmer wa tarted in the first 
niv after it had bee hown that 


| 
| 
Streptomyvein for this t ‘ hed 
ourtess Mero} Rahw 
shed as Jour Pat 
University Agr tur ‘ 
fre the Bure f & ore r at least half of the anima vere showing a j 
Researct Ad trat ie Brucella bhacteriemia Treatment of ip 
iltur 
t t Was Initiated thirty-one days after exposure 
Purdue Universit Lafave Ind n group twenty-three lavs p texposure 
—_ 


BRUCELLOSIS IN SWINE 


TABLE i—Blood-Sulfediazine Determinations for Group | 


TABLE 2-—Blood-Sulfadiazine Determinations for Group 2 


TABLE 3—Blood-Sulfadiazine Determinations for Group 3 


‘ 


of Combined Streptomycin and Sulfadiazine Therapy of Brucellosis in Swine, Experim 


TABLE 4—Resu!ts 
{April 10, 1948, to June 10, 1948) 


4 f . ‘ ter 
4 
‘ 
‘ T ‘ 
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Milligra f sulfa ne per 
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‘ 
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Vets Hrucella suta fi 
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The first group consisted of 10 gilts which 


were exposed by feeding approximate ly 


of ground fetus and placenta from a naturally 
eecurring abortion from which Hrucetia suis 
had been recovered previcu The aborted 
material had been kept in a deep freeze at 0 ir 
for one month Exposure was repeated after 
ix days by feeding approximately 10 ec, of a 
suspension of a 48-hour culture of Br. sucs, the 
density of a No. 1 MeFarla nephelometer 
on a small amount of ground feed These or 
ganiems had been recovered fror the same 


abortion 
The second group of 4 males and 6 females 
was exposed per o# to approximately 10 Gm, of 


the same aborted material that had been used 


in the first experiment. T} material had beer 
retained in the freeze a Four 
guinea pigs were injected subcutaneou ly with 


the fetus material to check on the virulence 


of the organisms Blood serum-agglutinatior 
reactions became positive and Pr. suia was iso 
lated from livers and spleer of 1 4 guineas 
pigs at autopsy In addition to the aborted 


material, a suspension the density of a No. | 
McFarland nephelometer was prepared from a 


train of Br. suis which had beer ated f1 
1 of the pigs on the f t experiment and had 
heen injected into and ibsequent y recovert 
from the guinea pig The ture used for 
exposure was a 45 hour culture which had 
been transferred once pre on tryptose 
agar (Difeo) Fach a al received 10 « of 


this suspension on a sma amount of groune 


feed Ten later, the anima vere eX 
posed a third time to a strain of / suis which 
had been isolated from the uterus of a nat 


urally infected sow ten days previously. One 
hundred cubic centimeters of a suspension the 
density of a No. 1 McFarland 
was fed to the animals en masse on gr 


feed 


nephelometet 


und 


All of the wine ere fasted for twelve 
hours before exposure 
The third grou; f animal S maies and 
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TABLE 5—Results of Combined Streptomycin and Sulfadiazine Therapy of Brucellosis in Swine 
{July 14, 1948, to August 30 1948) 


BAY ties 


determined 
We were 


the presence of a bac- 


female ected as 
by the tination test 


inable to 


teriemia in any of these 10 at the time of th 
first treatment 

The animal au three gr ips were de 
stroyed within ten day ifter the completior 
of each experiment and exhaustive bacter ok 
gic eXaminat vere nade The t sue and 
rgans cultured were ‘ prefemoral, 
superficial ny ii yastre 
hepatic, bronchial, ce mesenter retro 
pharyngeal! and nand a ympt node 
genital organs, kidneys adder, live pleen 
lungs, heart, har houlder and loin muscles, 
spinal cord, vertebrae, ana arrow 


The sulfadiazine-blood levels for the three 


as determined by the LaMotte 
treatment, 
Even though the 
yauyed by the 


was consider 


yroups, unit 


at various times during are 


shown in tables 1, 2, and 
of sulfadiazine were 
the animals, there 


entration of the 


veight of 


able 


variation in the cor 


druy in the blood of the different animals 
This might indicate individual variation in 
the abilitv of the body t handle the sub- 
stance Considerable variations of the 
dosaye were made to reg ilate the blood 


level 
Table 4 shows the 
of the first group of 5 animals 
| experiment 
bacteriemia 


letailed results of the 


treatment 
and the contre for the 
In the treated animals, the 
ceased immediately llowing the initiation 
vhereas in the control ani- 
mals, it persisted in 2 pigs 3260 and 

an additional seven days. 


ame 


of treatment, 
ases 
for 

Three 
from pig 


pig 3235, one from pig 


isolations of Br. suis were made 
each from pig 3219 and 


and none from 


bcos, 


3286, 


Experiment 2 


RESUL 
Lis 
3 
= | 
Hog tit ! tu tit 
oft ‘ 
2 
4 


BRUCELLOSIS 


1.6 isola- 
tions per animal in the treated animals. In 
the controls, Br isolated from 
nine sources from pig 3208, five from pig 
3260, three from pig 3233, two from pig 
3247, one from pig 4 

1.0 isolations per animal 

In table 5 are set forth the detailed ob- 
servations on group 2. Again, it will be 
seen that bacteriemia ceased abruptly fol- 
lowing the initiation of treatment, while in 
the controls, it continued for as long 
three weeks (pigs 3310, 3316, 3318, 
3320 

Isolations of Br. suis made 
only 2 of the treated animals at autopsy, 
two isolations from pig 3506, one from pig 
9912. for an average of 0.6 tsolations per 
animal. In the untreated controls, B? 
was isolated from seven sources from pigs 
3316 and 3318, six sources from pig 3520, 
two sources from pig 3310, and one isola 
tion made from pig 3514, making an 
average of 4.6 isolations per animal 

The detailed results of experiment 3 are 
shown in table 6. These animals were nat 
urally infected, as judged by the agglutina 
tion The only positive blood cul 
ture observed during the course of this trial 
was obtained from pig 35, 
trol the day 
started. 

In this group, Br. suis was isolated once 
from pig 41, twice from pig 53, four times 
from pig 11, and five times from pig 29 
No isolations were made from pig 15. This 
makes an average of 2.4 isolations per 
treated pig. From the contr Is, Br. suis 
was isolated from 15 sources from pig 31, 
11 from pig 34, from 


pig 3226, making an average of 


was 


3: 
3272, for an average of 


and 


were from 


suis 


was 


reactions. 


one of the con 


animals on treatment Was 


sources ten sources 


TABLE 6—Results of Cor 
(October 


bined Streptomycin and Sulfadiazine Therapy 
1948, to December ! 


IN SWINE 391 


pig 49, six sources from pig 19, and five 
sources from pig 47, making an average of 
9.4 isolations per animal 

The treatment had no observable effect 
on the agglutination 
One animal in each of the treated 
extreme toxic re- 


These pigs were 


response of any of the 
animals 
groups showed apparent, 
actions to the treatment 
in such bad condition that the treatment 
was discontinued entirely. Pig 3226 (table 
1) died before the end of the experiment, 
apparently as a result of the treatment. The 
the whole, were in poorer 
condition than the controls, as evidenced 
by appearance, appetite, and weight. Un- 
fortunately, initial weights on the untreated 
controls of group | were not obtained. When 
observations on the first treatment indi- 
cated the loss of weight In the treated ani- 
mals, this information was obtained for the 
last two groups Although the aulfadiazine- 
blood levels of group 1 were extremely high, 
the blood levels of and 3 were 
nearer the desired eoncentration. The con- 
dition of the treated pigs in all three lots 


was similar 


treated pigs, on 


groups 2 


SUMMARY AND CON LUSIONS 


included the records of 
experiments with the treatment of Brucella 
pigs with streptomycin and 
Three experiments were con- 
5 treated and 5 
total of 30 
were experi- 
while 


In this report are 


suis-infected 
sulfadiazine 
ducted, each using 10 pigs, 
untreated controls, making a 
animals. Two of the groups 
mentally infected with Br. suis per os, 
the third was naturally infected, as deter 
mined by serum-agglutination reactions 

In all cases where blood culture was posi- 
before the bacteremia 


tive treatment, 


of Brucellosis in Swine, Experiment 3 


1948) 


19.0 
14 
| 
treatt tive for 
Hog titer siture 
0 4 
: 
é 1 
2 
: 
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ceased following initiation of treatment, the treatment These results suggest that 
whereas in the controls, the bacteriemia the dosages given were at or neal the maxi- 
persisted for varying lengths of time, as mum that can be tolerated 5S 
long as three weeks in 1 case References 
Treatment seemed to have a definite ef } 
fect in dimunition of numbers of isolations 
made at autopsy. It must be emphasized, 
however, that Br. suis was isolated from 10 
of the 15 treated animals at autopsy. Thus, 
while the circulating blood was apparently 
freed of Brucella organisms, there still re- 
mained foci of Brucella throughout the 
body 
The condition of the treated animals on 
the whole was much poorer than that of 
the controls. As a rule, weight losses oc- 
curred, or weight was barely maintained in 
the treated groups, while the control groups 
gained normally, One animal of each of the 
treated groups showed extreme symptoms 
of toxic reaction apparently as a result of 


! 
| 
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HANSEN ¢f al.' in a study of 65 Therough 
bred mares in foal reported values for the 
erythrocyte and leucocyte counts, hemo- 
globin concentration, packed volume of 
erythrocytes, mean corpuscular volume, 
mean corpuscular hemoglobin concentration, 
and differential counts. The present study 
details the results of the above blood values 
for a population of 70 healthy Thorough- 
bred weanlings from six different Thor- 
oughbred farms in central Kentucky 

A population of 70 weanlings is a more 
representative number upon which to base 
st idies of blood values thar the 22 wean- 
lings used by MacLeod ef al The present 
paper also extends their work by including 


data on the preae ked volume of erythrocytes, 


mean corpuscular volume ind mean col 


puscular hemoglobin concentration, to 


gether with statistical analyses and meas- 


irements of reliability of the results, A 


Studies on the Hematology of the Thoroughbred Horse 
Il. Weanlings 


M. F. HANSEN, Ph.D., A. C. TODD, Ph.D., G. W. KELLEY, B.S., 
M. CAWEIN, B.A., and W. R. McGEE, D.V.M. 


Le ngton 


TABLE !—Blood Picture of 70 Healthy Thoroughbred Weanlings in Central Kentucky 
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Ke nf icky 


statistical test was made to determine any 
differences in the mean erythrocyte count 
and mean hemoglobin content between 
Thoroughbred weanling colts and fillies 


METHODS 

The same methods were used in this study 
as were detailed in the first study in the 
series on the hematology of the Thoroughbred 


horse by Hansen ef al.’ Blood samples were 
collected under as nearly indentical condi 
tions as possible with respect to time of day, 
season of year, time of feeding, watering, 
length of time in stall before bleeding, and 


the degree of excitement before the blood sam 
ple was obtained. Accepted laboratory pro- 
cedures, equipment, and the same measure 
ments of laboratory error as detailed in the 
first paper of this series were used 

Statistical computations were made to ob 
tain arithmetic averages, standard deviations 
and standard errors of each blood value 


Curves representing normal probability were 


Mear 
rpu ilar ry jlar 


fitted to each distribution and their “goodness 
of fit” was tested by the use of chi square A 
measure of skewness utilizing the mean and 


median was used 


RESULTS AND DISCUSSION 


Ranges, medians, arithmetic means, and 
standard deviations, as well as standard 


— 
} t t ble eryt te vite fcuble concentration $ 

{ ‘ke 
N treo te I nop Ba pl 

noe, University of Kentu f 
the tatistical procedures 

i 
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errors of the means and standard devia- 


tions for each of the six blood values, are 


given in table |! 

The arithmetic means with their stand- 
ard errors appear to be quite reliable, even 
though the ranges indicated considerable 
variation from weanling to weanling (table 
1). In most cases, the arithmetic means 
have a two to one chance of being correct 
within 1.0 per cent of the reported mean 
The only exception is the mean value for 
the number of leucocytes which has a two 
to one chance of being correct within about 
2.0 per cent The leucocyte counts varied 
considerably from weanling to weanling, as 
indicated by the range. Such variations in 
the leucocyte counts are to be expected in 
view of ‘the fact that conditions causing 
mild leucopenia or leucocytosis are trequent- 
ly not overtly expressed in the general 
physical condition of an animal 

The mean count of 11,240,000 erythro 
cytes per cubic millimeter reported in this 
paper appears to agree fairly closely with 
the mean count of 11,900,000 erythrocytes 
per millimeter reported MacLeod 


et al No accurate determination of any 
statistically significant difference between 
means can be made because MacLeod did 
not give the standard error of the mean 
value of erythrocytes in his study. Our 
mean value of 11.97 Gm, of hen oglobin per 
100 ml. of blood is somewhat lower than 
their reported mean of 3.0 Gn This ap 
parent disagreement n the mean hemo 
globin content is probably due to the use of 
different methods of hemog! 

tion. Macleod used the Sahli method for 


hemoglobin determination while we used 


obin determina 


the Fisher clectrohemometet The latter 
method of determining hemoglobin concen 
tration eliminated the personal equation of 
matching a color standard. The two studies 
are in perfect agreement in reporting a 


mean number of 13,600 leucocytes per cubis 
millimeter 


There has been 1 report n the litera 
ture on the niues for packed volume of 
erythrocytes, mean corpuscular volume, ot 


mean corpus in concentratiol 


for the Thoroughbred weanling. The fol- 
lowing mean values and their standard 
errors are recorded for the Thoroughbred 
weanling: packed volume of erythrocytes, 
36.30 + 0.318 per cent; mean corpuscular 
volume, 0.187 cubic microns; and 
a mean corpuscular hemoglobin concentra- 
tion of 32.53 0.138 per cent 

The distribution of measurements from 
these weanlings has been tested for nor- 
mality and appears not to be more skewed 
than might happen as a result of sampling 
error, although the mean corpuscular vol- 
ume and mean corpuscular hemoglobin con 
centration were more noticeably skewed 
than the others.* 

The distribution of the various types of! 
leucocytes is given in table 1. Our study, 
as did the study by MacLeod, showed a 
yreater mean percentage of lymphocytes 
than neutrophils, but the present study 
shows a lower mean percentage of mono- 
cytes and eosinophils than did MacLeod’s. 

A comparison of the mean erythrocyte 
count and hemoglobin content was made for 
the 37 weanling colts and 33 weanling fillies 
used in this study. The fillies had a mean 
value of 11,280,000 erythrocytes per cubic 
millimeter and 12.09 Gm. of hemoglobin 
per 100 ml of blood; the colts had a mean 
value of 11,200,000 erythrocytes per cubis 
millimeter and 11.87 Gm. of hemoglobin per 
100 ml. of blood. Even though the fillies 
showed slightly higher mean values for the 
number f erythrocytes and hemoglobin 


content, the differences between the mean 


values for fillies and colts were not statis- 
tically significant 
In order to determine what influence the 


degree of parasitism might have on the re 


ported blood val es, the ewy « nts, ervthro- 

cvte ounts her rlobir ind leucocvt 
ounts tw irms Vere 

compared Phe yveanlings it one farn 
howed the f ving averages in egys pel 
gram of Teces mcarid strongyvles, 


Fig The histograms represent the observed trequency distributions and the polygons represent the 


Legend for Illustration on Opposite Page 


theoretic distributions for the erythrocytes in millions per cubic millimeter, hemogiobin ntent. leu 


cytes in thousands per cubic millimeter, mean core 


sscular volume, and the mean corpuscular hemog obin 


concentration 
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11.2%; and Strongyloides spp., 6.8 
erage blood 
11,600,000 per cubs 


values 
millimeter 
globin, 12.3 Gm. per 100 1 and 


cytes, 14,600 per 


cubic millimeter 


weanlings at the second farm 
following 


ascarids, 38.0; 


of 
16.0; and 
The average blood 
11,400,000 per 
cubic millimeter; hemoglobin, 11.9 Gm. per 
100 ml: and leucocytes, 15,400 per cuble 
millimeter ‘ 


averages inh per 


atror yvles 
Strongyloides spp., 2.0 
values 


were erythrocytes, 


The degree of parasitism in the 
weanlings at these two farms is representa 
tive of all weanlings The 
weanlings at both farms showed about the 
the blr 


Is probable 


used in this study 


same deyree of parasitism; od values 
similar. It 

that weanlings which have never 
helminths 
significantly different blood values than re- 
ported in this sti 
are not to be found under field 
This study dealt, 
blood a population of 
moderately parasitized weanlings 


were likewise very 
been par 
vould show 


asitized by these 


dy; however, such animals 
conditions 
with the 
lightly to 


hus therefore, 


values of 


SUMMARY 


ilation 


revealed the 


l A hematologic 
of 70 Thoroughbred weanlings 


study of a pop 


following mean values with the standard 


erythrocytes millimeter, 


0.097 


errors 
11.24 
per 100 ml 


per 
hemoglobin 
11.97 


million 
of blood, 


grams 


leur 


KELLEY 


The av- 


were ervthrocytes, 


showed the 
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5.64 0.246 
erythrocytes, 
corpus ilar 
licrons; and 
mean corpus mcentra 
tion of 32.4 

2 Phe lif nti ‘ucocyte 
showed the foll 


counts 
Wing mean 
5.0 


monocytes 


standard errors: neutrophils, 
lymphocytes, 49.7 1.481 
0.233; eosinophils, 
basophils less than 0.1 
Results of chi 


ment 


0.205; 


-square tests of agree- 


bet weet the observed distributions 


and theoretic distributions of blood values 


according to the normal curve, together 


vith measurement of ske indicate 


the normal curve of Oo} 


to the distribu i with the 


yness 
is appli able 
pe ssible ¢X- 
and 
oncentration 
fillies 
alues for the 
vthroeytes ibic millime- 
100 mi. of 
the dif 


values were not 


ception of the eal volume 
Mean Corpus 

Even 
showed slightly 


veanling 


number of ef 
ter and hemoglobin 
blood 


ferences betweer h mean 


yrams pet 


than did weanling colts, 


statistically signin 
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IN sTUDIES of 65 healthy Thoroughbred 
mares in foal and 70 Thoroughbred wean- 
lings, Hansen ef al.'.* have reported the 
values for the erythrocyte and leucocyte 
counts, hemoglobin content, packed volume 
of erythrocytes, mean corpuscular volume, 
mean corpuscular hemoglobin concentration, 
and differential counts. There is no infor- 
mation, as such, in the literature on these 
blood values for healthy Thoroughbred 
stallions. MacLeod et al.* reported the mean 
values for erythrocyte and leucocyte county, 
hemoglobin content, and differential counts 


Pac 

Erythrocytes Hermoglobis erythr 

Measure (10 /cmm.) 100 mil.) 


& 33-153.20 ls 


on 12 Thoroughbred horses which they 
classified as “Older horses other than 
mares).”’ Such a classification could include 
geldings, stallions, and young fillies, so that 
one cannot assign MacLeod’s reported mean 
values exclusively to stallions 

The present study details the average 
blood values for 36 healthy Thoroughbred 
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TABLE I—Blood Picture of 36 Healthy Thoroughbred Stallions in Central Kentucky 


162 2.0 + 24 40 + 6.277 0.5 + 0.077 
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stallions from six different farms in central 
Kentucky. 


MeTHODSs 


The methods used in this study are given 
in the first study of this series.’ 

This study was conducted on the stallions 
before the breeding season started Blood sam- 
ples were collected from 12 of the stallions in 
the latter part of November, the remaining 24 
stallions were bled in the early part of Jan- 
uary. All but four of the blood samples were 
collected between 8 and 9 a. m. Four of the 
samples could be collected only at 2 p. m. be- 


Mean Mean 
ked orpuscular corpuscular 
of volume hemoglobin 
ter Leucocytes (cuble concentration 


microns) 


11.9 91-464 30.1-33.6 
$1.2 


31.33 + 6.121 


0.726 + 0.085 


Monocyte Bosinophils Basophiis 


0.0-2.0 


0.465 


cause of a morning exercise schedule used 
for the stallions on one of the farms visited 
All the stallions had been resting in their stalls 
for two or more hours before the blood samples 
were collected. Every effort was made to obtain 
blood samples without exciting the stallions; 
however, 2 of the 36 stallions were very 
excited. Consequently, their erythrocyte counts, 
hemoglobin, and packed volume of erythrocytes 
are the extreme highs of the ranges reported 
for these blood values 

Accepted laboratory procedures, equipment, 
and the same measurements of laboratory 
error as detailed in the first paper of this 
series were used. Statistical computations were 


| 

| 

Range 6 
Median 10.7] 14.7 46.9 7 
Arithmeth 

mean and «.«.° 10.81 + 6.174 4.85 16.78 O74 a2 0.245 43.16 + 0.290 

Standard 
deviation 1.04 + 0122 18 i644 147 + 0.172 174 + 6206 
Measure Neutrophils Lymphocyte 
Range 35.0-¢ 0.0-57 0.5-7. 
- 
Standard deviatior 6.97 147 1.66 
miss the alr 
be 
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Fig. |--The histograms represent the observed frequency distributions and the polygons represent the 
theoretic distributions for the mean corpuscular hemoglobin concentrations, mean cel! volume, heme- 
globin content, leucocytes in thousands per cubic millimeter, erythrocytes in millions per cubic milli- 


meter, and the packed volume of erythrocytes. 
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HEMATOLOGY 


averages, standar d 


used to obtain arithmetic 
of each blood 


deviations, and standard errors 


value. Curves representing normal probability 
were fitted to each distribution and ther 
“goodness of fit” was tested by use of chi 

A measure of skewness utilizing the 


square. 


mean and median was used 


RESULTS AND DISCUSSION 

given the values for the 
arithmetic and 
deviations, as well 
errors the means and standard devia- 
tions for ea¢ h of the six blood values of 36 
healthy Th yroughbred stallions 

of the arithmetic means 


In table 1 are 
medians, means, 


ranges, 
standard 


standard 


as 


‘ 


A comparison 
with their standard errors for the six blood 
values suggests that the averages are quite 
reliable, even though these blood values 


varied considerably from stallion to stallion, 
as shown by the ranges and standard devia 
In most cases, the arithmetic means 
have a two to one ¢ hance 
cent 


trons 
of the blood values 
t within about 3.0 per 
for the six blood values 
individual have been 
in foal as well 


of being corre 
Similar variations 
from individual to 
reported for mares 
weanlings.' 

The differential leucocyte counts varied 
stallion to stallion The 
of leucocytes to be found 

blood at any time 
under the influence ot 


numerous conditions which are difficult to 
h would 


control, e.g., a small infect d scrat 

noticed when the stallion was 
general physical condition; 4 
differential count 
and 


appreciably from 
number and type 
circulating in the 
varies considerably 


one 


not be 
spected tor 
subsequent leucocyte and 
leucocyt S18 


might well reveal a mild 
neutrophilia. Furthermore, difficulty in 
iniform distribution of the 


obtaining a 
various types of 
tial film and the counting 


vtes in the differen- 
f small 


ol only a 
part ¢ f the total: imber of leucocytes pres 


ent introduce an appreciable amount of 

technical error 
The distributions of four of the blood 
values appear not to be more skewed than 
might result from erro! of sampling ‘fig 
corpusculat 


The hemoglobin and mean 
however, showed 
levels of 
at only the 15 and 


hemoglobin concentration, 


significance agree 


approximate 
ment witha normal curve 
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40 per cent levels, respectively, for chi- 
square probabilities. 

In the two previous st idies on the hema- 
the Thoroughbred horse, Hansen 
that the parasite burdens 
in central Kentucky 
blood picture to any 
Fecal egg counts on 6 
ited revealed 


tology of 


a found 


et 


observed in the 
influence 


horses 
did not the 
appre iable extent 

stallions at one of the farms vis 
a negligible number of helminths. The total 
eggs per gram of feces ranged from 0 to 
144, 2 of the stallions having negative egg 
Strongyles were the predominant 
found. Similar egg counts 
for stallions on the other 


counts 
type of parasite 
could be exper ted 
farms visited 


SUMMARY 


1) The following mean blood values with 
their standard errors are recorded from a 
population of 6 Thoroughbred stallions: 
erythrocytes per cubic millimeter, 10.381 
0.174 million; hemoglobin, Gm. per 100 ml 
of blood, 14.69 0.261; 


leucocytes per cubic 


millimeter, 8.27 #:0.245 thousand; packed 
volume of erythrocytes, 16.78 0.744 per 
cent: mean corpuscular volume, 43.16 

0.290 cubic microns; and a mean corpus 


cular hemoglobin concentration of 31.33 
0.121 per cent 

The differential le 
showed the following mean percentages and 
neutrophils, 50.75 1.160; 


2) ucocyte counts 


standard errors 


lymphocytes, 13.75 1.162; monocytes, 
20 0.245; eosinophils, 4.0 0.277; and 
basophils, 0.5 0.077 

2) Results of the chi-square tests of 


distributions 
blood values 


between observed 
distributions 
e normal curve indicate that 


applicable to 


agreement 
and theoretk 
according to th 
the normal curve of error is 
the distributions, with the possible excep- 
tion of the hemoglobin content and mean 
ular hemoglobin concentration 


ot 


corpus 
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CATTLE GRAZING wheat occasionally exhibit 
symptoms of hypersensitivity and tetany or: 
the coma and paralysis resembling parturi- 
ent paresis. The inference has been that 
the development of such conditions is attrib 
utable to the diet which the animals con- 
sume. It has been shown that certain 
changes occur in the blood picture of the 
afflicted animals.'* The most consistent 
change which has been reported is in the 
blood calcium content. The frequent simi- 
larity of these symptoms to those of “yrass 
staggers,” as the latter have been reported 
by Sjollema,*® has led some workers to sup- 
pose that “wheat poisoning” also may be 
accompanied by a low blood magnesium 
content. McMillen and Langham seem to 
have answered this negatively There is 
some indication that high blood potassium 
may be a causative factor in the extreme 
hypersensitiveness which is occasionally 
encountered.‘ 

If the symptoms are the result of wrazing 
wheat, it seems logical to look to the wheat 
for some deficiency or for an excess of some 
one or more of the metallic ions which have 
been mentioned as playing a role in the 
development of the condition. It is possible 
that there are factors which might influence 
adversely the absorption of certain jons 
We conducted a series of analyses on the 
calcium, magnesium, phosphorus, potas 
sium, sodium, and manganese contents of 
the aerial portion of wheat plants. Similar 
analyses were run on those portions of these 
elements which are extractable with water 
and on the amount of each element left in 
the residue from such water extractions 
It was thought that if any of the calcium 
or other minerals is in wheat in an insoluble 
form this might not be available to the ani 
mal because of an inability to absorb it 
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PROCEDURE 


The wheat plants which were subjected to 
analysis were gathered during the fall and 
spring of 1947-1948 and of 1948-1949. Some 
samples were chosen at random from the col 
lege farm, but the majority came from one o1 
the other of two areas which were planted i: 
a location convenient for irrigation. The sam 
ples were taken by breaking the plants about 
tion, they were gathered before 10 a. m. The 
plants were dipped in distilled water to remove 


the adhering soi] and then centrifuged in a 


\% to 1 in. above the ground. With one excep- 


basket for three to five minutes to remove 
the excess moisture. They were then placed on 
clean towels on a large table, winnowed, and 
allowed to remain in the air for several 
minute Excess moisture was completely re 
moved by this procedure. Three samples were 
then selected, one for the moisture determina 
tion, one for the extraction, and one for total 
mineral analysis 

The moisture content was run in the accepted 
manner in tared aluminum vessels, drying 
for five hours at 100 to 102 C. The sample for 


extraction (usually about 400 Gm.) was placed 


in Mason jars, sealed, and kept overnight ir 
a refrigerator at 14 F. The frozen sample was 
yround in a meat chopper, distilled water was 
added, and the mixture beaten in a Waring 
blendor. The mixture was strained through an 


ordinary kiteher eve, ana e solid material 


The fibers were ubjected 


pressed at 
to the extraction process agall Farher sam 
ples were extracted three times, and late: 
ones, four time Preliminary investigations 
showed that three such extractions removed 
the water-soluble material. The extract was 
centrifuged, filtered. and the filtrate evapo 
rated to dryness on a hot plate The solid resi 
due thus obtained was transferred quantita 
tively to platinum dishes and ashed in the 


same manner as the whole plants. The fibrous 


residues from the extraction process were dried 
and ashed 
The plants to be used for the determinatior 


of total mineral content were dried at 100 to 


102 C. for five hours. The sample was ground 
and stored in glass containers 
The analytic methods ¢ mpioyed were esse! 


ally those of the Association of Official Agri 


cultural Chemists.’ 


Mineral Components 


| 
100) 


RESULTS AND DISCUSSION 


Table 1 shows the figures obtained on the 
analysis of the entire aerial portion of the 
wheat plants and on the residues from the 
extraction of such plants. The figures 
shown on the extractable portions of the 
various elements were obtained by differ- 
ence. The analyses for the various elements 
extractable from the wheat plants were run 
in all cases. The evaporations were accom 
plished in aluminum pans In order that 
silica figrures might be reasonably accurate 
It was then thought necessary to remove 
the aluminum, iron, ete., by precipitation 
with ammonia; however, it was found that 
a large part of the calcium and magnesium 
of the extracts was lost in this manner . 
As a consequence, the results on only four 
of the samples, on which the evaporations 
were accomplished in glass and the am- 
monia treatment omitted, are considered 
significant.’ 

Examination of table 2 reveals that the 
minerals supplied by 140 Ib. of the aerial 
portion of wheat plants, and also the ex 
tractable minerals, are sufficient in amount 
to supply the daily requirements of a 1,000 
lb. beef cow. We do not have figures indi 
cating the requirements for sodium, potas 
sium. and manganese. It is of interest to 
note that the amount of soluble potassium 
which might be ingested in wheat repre- 
sents approximately 1,092 Gm. of potassium 
chloride or about 1 Gm, pe! pound ¢ f body 
weight for a 1,000-lb. cow, Administration 
of such amounts of potassium chloride to 
cattle by stomach tube has been shown to 
result in symptoms resembling those of 
wheat poisoning.* The prod iction of such 
symptoms was not found possible when the 
potassium chloride was fed to cattle. Pear- 
son. Gray, and Reiser* found that feeding 
of potassiun bicarbonate to ewes did not 
cause an increase in the plasma potassium 
We bel eve that this failure to obtain an 
increase was due to the fact that a fairly 
long period, about four to six hours,” 
elapsed between the time of ingestion of 
the salt and the time of blood sampling In 
the work of Dennis and Harbaugh, the time 
between the consumption of the morning 


portion of the potassium chloride and the 


hlood sampling was about two to three 
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hours. The rapid removai of potassium 
from the plasma'® makes it improbable that 
an elevation in plasma potassium will be 
obtained inless the blood sampling is done 
during the period of rapid absorption into 
the blood. We are at present inclined to 
believe that the potassium content of the 
wheat plants is not the direct cuusative 
factor of the symptoms of wheat potsoning 
It is, of course, not impossible that potas- 
sium reservoirs are built up u muscle, 
liver, etc., and that under certain condi 
tions these reservoirs may release potas 
sium with the production of the symptoms 
The ratio of soluble calcium to soluble phos- 
phorus is such that maximum conditions for 
absorption of calcium are not f irnished by 
wheat. If the total calcium and phosphorus 
content of wheat plants represents that 
available to the animals, then this Is not 
true 

The high ratio of magnesium to caleciun 
does not facilitate absorption of calcium.' 
Magnesium, in the form of magnesium & i} 
fate, in considerably less amounts thar 
these, has been hown to result In a nega 
tive calcium balance in a feeding exper! 
ment with cows.'? Much of the magnesium 
in the wheat is, of course, in the form of 
chlorophyll, and it may not exist in the ionk 
condition at any time in the digestive tract 

The figures on manganese content given 
in table 1 appear to be within the range of 
values found by other workers in other 
tvpes of grasses Rats, when fed diets con 
taining manganese in excess of 50 parts pet 
million, have been shown to develop nega 
tive calcium balance.'* The supplementation 
of the diets of cattle with manganese sul- 
fate also results in disturbances of calciun 
metabolism.'® The information on the man 
vanes requirements and tolerances of 
cattle is not sufficiently extensive to predict 
the results of the consumption of man 
ganese at the levels found tn wheat Exp r) 
ments are being conducted along these lines 
In connection with the manganese content 
of other grasses, it is well to remember the 
similarity of the symptoms of grass stag 
yers and wheat poisoning 

The ratio between the potassium and 
sodium in wheat plants is 4.24 (table 2 
This ratio is far more favorable than a 
similar one alculated “from the figures 
given by Morrison on other green rough- 
ayves.'® This calculated average ratio for s1x 
different plants is 11.71. The figures indi 
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cate that wheat plants supply a more nearly 
adequate portion of the sodium req tired by 
animals than do some of the other grasses et Alte f nar 


SUM MARY 


1) Analytic figures on some of the min 
eral components of wheat plants are given Stuart, Margaret R.: An Investis 


TABLE 2—A Comparison of the Mineral Requirements of a Beet Cow® and the Minerals Furnished by 


Wheat Plants 


K Na 


Me (an Na at 


Figures are given for the mineral content 


of water-extracted residues from wheat 
plants, and the calculated values for the = mo he Mae and Potassiun 
extractable minerals are listed High Leve ‘ 
29) Wheat is capable of supplying the 
quantitative requirements of cattle for cal iis Datessiom ta PRys 
ical Processes. Phys 10) ‘ 


cium, magnesium, and phosphorus 


2) The ratio between water -soluble cal i Pa of 
cium and phosphorus does not tavor the and | phe i e Diet. J. Bie 
maximum absorption of these two elements 

The ratio of magnesium to caletum Cc. H., Sebutie. 
not such that it favors the maximum Fhospnorus te Mr 

5) The potassium conte nt of wheat is ‘ tent ti it the Cawthror 
high in comparison with certain grasses, ior Res., Eight} 
but the sodium content is also high, and the 
ratio of potassium to sodium is lower Ada of Manganese 


wheat than in the grasses 
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Studies of Canine Leptospirosis 


|. Evaluation of Laboratory Diagnostic Procedures 
Il. Serologic Determination of the Incidence of Latent 


Infection in the Lansing, Michigan Area 


JOHN P. NEWMAN, D.V.M., M.S. 


Lansing, 


Colleve and le pto 


gastrointestinal 


was planned to deter 
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Michigan 


REVIEW oF LITERATURE 


The Disease I'wenty-eight years after 
Weil described the disease in man, which bears 
his name, Inada et al.,"* Huebener and Reiter 
(cited by Walch-Sorgdrager),” and Uhlenhuth 
and Fromme” isolated the causative agent 
Noguchi®™ isolated the same organism from 
wild rats in New York City and proposed the 
name, Leptospira 

Krumbein and Frieling in 1916, Courmont 
and Durand, Lukes,” and Krivacek” suspected 
that Weil's disease (leptospirosis) may occur 
in dogs. Okell, Dalling, and Pugh,” in 1925, 
proved that infectious jaundice, occurring 
naturally in dogs, was caused by a spirochete 
which corresponded in every way to L. ictero 
haemorrhagiae obtained from rats 

Klarenbeek and Schiiffner,” in 1951, were 
the first to recognize and describe the symp 
toms and pathology of canine leptospirosis, as 
aused by a new pecies This species is now 
known as L. canicola, the epidemiologic im 
portance of which was emphasized by Klaren 
beek,” who demonstrated that L. canicola may 
also produce infection in human beings 

Reports of the occurrence of canine lepto 
spirosis in the United States have been com 
paratively recent. Junghers reported an out 
break in a Pointer kennel and demonstrated a 
spirochete in the tissues from the dogs which 
died of the disease. Elander and Perry” and 
Bloom’ reported a study of 6 and 9 cases, 
respectively 

The incidence of latent canine leptospirosis 
in Pennsylvania was reported by Raven,” in 
southern California by Greene,” and in war 


ai 


dogs by Jones « 
Meyer ef al were the first to isolate L 
canicola, and Randall” the first to isolate L 
cterohaemorrhagiae from dogs in this country 
Serologic Tests.—The adhesion, complement 


fixation, and agglutination-lysis tests have 
been employed in the serologic identification 
of Leptospira organisms and diagnosis of in 
fectior Brown and Davis* and Brown‘ em- 
ployed the adhesion test in the serologic 
examination of spirochetes and the serologic 
diagnosis of Weil's disease in man, respectively 
Noguchi,” Bessemans and Nelis,’ and Pot and 
Dornick” successfully employed the comple 


Kes 
PRIOR TO JULY, 1945, canine leptospirosis Ei! & 
had only been diagnosed clinically in the 2 
Lansing area. On July 3, 1945, a dog show- a 
ing icterus was admitted to the veterinary ap 
linic at Michigan State 
piras were demonstrated microscopk 
and cultural methods The organism ap- : J 
peared to be Leptospira canicola upon sero- . 
logic examinatior 
« It was soor apparent that because of the 3 
similarity in clinical symptoms of canine , 
leptospirosis, canine distemper, black 4 
tongue, and various _ 
turbances, an accurate differential diag- _ 
nosis, based on clinical evidence alone, was 4 : 
often impossible. As a result, the immediate 4 
instigation of specific therapeutic measures 
was not possible 
Many laboratory procedures have been ; 
employed as aids in the diagnosis of lepto- : 
spirosis However, an evaluation f them 
wus not avaliable Experiment l was q 
planned to evaluate the relative merits otf ’ : 
the various laboratory procedures as rapid, _ 
accurate, diagnostic aids in work with 
canine leptospirosis — 
The possibility that many dogs in this ~~ 
area were excreting the organisms in thei | 
irine, thus serving as a source of infection ee 
for dogs and man, was considered im 
portant. Meyer e/ a reported that serums ae 
obtained from 10 dogs in the Detroit area : % 
were sero ically positive Lepte pira 
clerohaen rhage Since that time, no 
further studies in Michigan have been re- ie 
ported. Experiment 2 - 
mine the incidence of latent canine lepto- ay 
spirosis in the Lansing area F 
t \ ‘ 
‘ 4 ‘ t 
= 
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ment-fixation test Schiiffner and Mochtar day-old cultures of L snicola and L. icte 

a thorough account of the micros« ple haemorrhagine va employed n all erologi 
agglutination-lysis test employing live Lept tests.* The organisms were killed by adding 

spira antigen and Walch-Sorgdrager™ employ neutral forma to a fina) « entration of 

ing formalin-killed Leptospira antiger rt 0.15 “per cent and then were cent: fuged for ; 
macroscopie agglutination test was described five to ten minute at 1,600 r.p.m. to remove 

and employed by Pot Smith and Tulloch clumps of organisms and extraneous materials 

Brown,’ and Starbuck and Ward Starbuck which might interfere with the interpretation ¥ 
and Ward compared the macroscopic plate and of the test All tubes in which the erganism 
the standard microscopic agglutination tests howed atypical morphology, poor growth, or ; 
and, though their result ndicated that the n which bacterial contamination was observed 
macroscopic plate test Was not as act urate as were discarded : 
the microscopic test, it was sufficiently reliable Agylutination Test The agglutination test, 

to be useful in the diagnosis of leptospiral as outlined by Schiiffner and Mochtar,” em F 


iaundice in human beings ploying formalin-killed antige! was conducted 
ed. The erum-antigen 


MATERIALS AND METHODS dilutions were for five es and 
Preparation of Blood and Urine Blood and then incubated in a 37 ©. water r tares 
urine on which the microscop eultural, and hours. One loopful of each dilution was placed ‘ 
serologic examinations were conducted in ex on a clean gla slide and covered with a No 
periment 1 were obtained from Leptospira 1, 22-mn “| rare cover glass and examined by 
infected dogs. Eight to 10 ml. of blood and 20 dark field illumination 
The varying degrees of agglutination ob 


to 30 mil. of urine were obtained aseptically 
ware arhitrarily give alues. as sug- 

and centrifuged at 1,600 r.p.m. for ten minutes erved were a! rariiy given values, @ ug 
ted } te at als he act 

to remove the blood cells and extr: ed by Meyer, ‘ andardize the reading 


late 


follows 
rial, then at 2,800 r.p.m. for one hour to throw a LOW 


down the Lepto pira organism The per (ine plus small clumps of 3 to 10 Lepto- 
natant serum was saved for serologic studt spira organisms and many free ones, 
and the supernatant urine was d) arded. Of Two plus—-numerous small clumps of lepto- 


the remaining sediments, 0.01 ml. was placed spiras and many free ones, 

on each of three elias lick vhict werk Three plu numerous large clun ps of lepto 

tained with Giemsa tain.. Fontana’ Iver piras and few free ones 

tain, and examined lark field tlluminatior Fout plu numerou arye clumps of lepto- : 

respectively Know! promitive and negative piras and only ar occasional free one f 

slides were emploved as contro ' miunetion Positive and negative control serums were 

with each group of stained T employed in conjection with ea set of agglu 
Three to 5 mi. of blood were lrawn asept tination test \ 

cally from the apparent!s rma exan 

ined in experiment 2 and al ved to clot I RESULTS OF EXPERIMENT 1 

erum Was removed and exe hed within eight In an attempt to evaluate some of the 

mnillilite laboratory diagnosti procedures, micro- 

amounts of the remaining blood and urine sed scopic, cultural, and serologic examinations : 

ments were suspended in 2 n of Sehuttne vere onducted n the serum and micro- ; 

medium (minus rabbit erum?) and used te copie and cult ral examinations on the 

inoculate two tubes of Schuftfne nodificatior irine of 30 naturally infected dogs 

of Verwoort’s medium (cited by Meyer”) A} Of the 30 dows examined, ® were found 

tubes were incubated at JO ©. with periods to be infected with leptospiras, as demon- 

macroscopic and dark field examinations pet trated by one or more of the methods em- 

formed to determine the presence vr ap ployed. Leptospira organisms could not be 

- detected in any of the serum preparations 

medium were made at even-da ntervals ana ’ 

all culture tul were held for four weebh ising Giemsa's stain but they could be 

before being considered as negative detected with Fontana’s silver stain in 3 
Preparatu f Antiger \ clear mediut 10.0 of the cases. Dark field examina- 

which will support heavy leptospiral gre wth tion revealed the presence f leptospiras in 7 

free from clumps and débr is most desirable 23.3 serum preparations and in 1 

for antigen production, Schuffner’s modifica 3.3 urine preparation. In 1 case, the 

tion of Verwoort’s medium was found superior irine sediment was found to contain lepto 

n trials conducted with the mediums recom- — gpiras by all three procedures 

mended by Noguchi and Battistir Korthof, 

Starbuck and Ward,” and Chang vers tained 


Fresh antigen prepared from four- to five ‘ ge W H 


STUDIES ON CANINE 


The results-of the cultural examinations 
of serum compare favorably with those ob- 
tained by durk field examination Lepto 
spiras were isolated from 6 20.0 of 
the dogs. Al! these cultures were L. can 
cola. Thev were identified rologically 
Negative results were obtained in attempts 
to isolate the organisms from urine sedi 
ment, due to bacterial contamination 

Serum samples for agglutination tests 
were obtained at three intervals. The first 
sample was obtained when the dog was 
admitted to the clinic and the secot d and 
third samples were obtained one and tw 
weeks thereafter. The results of the agylu 
tination tests are summarized in table 1 
The results of the first test designate the 
highest dilution in which agglutination was 
observed In the second and third tests, 
only the highest dilution In which a four 
plus ...4 agglutination reactlor 
occurred was recorded 

A four plus agglutination reaction In a 
1:100 dilution, or higher, was obtained 
with 14 samples in the first test, 16 1m the 
second test, and 30 in the third test The 
agglutination titer observed in the three 
tests varied considerably, ranging from 
negative to four plus in 1 : 100, four plus 
in 1: 10 to 10,000, and four plus in 1 10) 
to 30,000 serum dilutions, respe tively. The 
titer increased as the disease progressed, 
with the maximum agglutination oc 
in the higher dilutions in the third te 

The dogs ranged in age from 6 mont! 
were males The 


7 years, and 16 53.5 
dogs were arbitrarily d vided into three 


age groups as follows: I m nth to 1 year, 
9 (30 dogs; 1 vear through 3 years, 14 
16.7 dogs; and 4 years through 7 years 
7 (23.3% ) dogs 
The occurrence of spe ific and paraspe 
cific reactions is summarized in table 2 
These results are based on the reaction 


observed for each antigen in the third 


agglutination test. It was noted that 20) 
66.7 of the serums showed paraspeci! 
reactions with L 


Furthermore, as the specific titer Increasea 
there was also an accompanying increase } 
titer and frequency of the paraspecine r 


actions 


RESULTS OF EXPERIMENT 2 
In an attempt to ascertain the magnitude 
of reservoirs of leptospiral infection in the 


Lansing area, serologic studies were con- 
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ducted on the serums obtained from 500 
dogs. These dogs were hospitalized either 
in the veterinary clinic at Michigan State 
College or in nearby kennels. At the time of 
bleeding, all dogs appeared normal and none 
showed clini al evidence « f leptospirosis 
History relative to leptospirosis was un b- 
tainuble in most instances. Subsequent tests 
vere not conducted on any of the dogs 

liters of blood were drawn asep 


Five milli 
tically from the radial vein of eac h dog and 


allowed to clot The serum was removed 


TABLE |—Serologic Results of Three Tests Made at 
Six. to Eight-Day Intervals on 30 Leptospira- 
infected Dogs 


Be let Test and Test jrd Sex Age 
= 
yre 
. 4 yre 
~ 
yr 
ue, 
2 yrs 
su. 
lie 1, 
yrs 
ath w, 123,00 
yr 
2 yrs 
b ad ¥ ” Lil 
i 2 yre 
yre 
ue, 114,00 
we, Lid we, 
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and refriverated at 4 C. The agglutination 
test conducted on all serum 
within three days after 

Formalin-killed L. can 
antigens were employed in 
the agglutination test, A one plus i ol 
stronger reaction in the 1:10 or higher 
serum dilution was considered indicative of 
a latent infection 


was samples 
collec tion 
cola and L. ietero 


hae hagiae 


TABLE 2—Titer of Specific and Paraspecific 


NEWMAN d 


221 14.2 femal logs tested, 44 
29.6% yave a positive agglutination re 
action with one or both antigens. F 
90.0) gave a positive rea tion with L 
canicola antigen, 3 (6.5 vith L. tetero 
haemorrhaque ind 1 2 howed an 
equal titer witl oth antigens. The pro 
portion of male t female reactors was 
slightly more than 2:1 


Reactions in 30 Dogs 


(Active infection with Leptospira Conicola) 


A majority of the positive serums showed 


a stronger reaction to one antigen than to 
the other. In 


which 


these instances, the antigen 


gave the stronger reaction in the 
hivhest dilution was considered to be spe 
reat 


cific. The antigen giving the weake) 


tion with the same serum was 


to be paraspecific. 


Of the 500 serums examined, 


29.8 pave a positive reaction with 
or both antigens. The remaining 

x04 yave no reaction with either anti 
yen, One hundred thirty-one 26.2 
showed a stronger reaction with L. « cola 
antigen and 13 (2.6 a stronger reaction 
with L. icterchaemorrhagiae tigen. 
of the samples (0.8 reacted with an 
equal intensity with both the L. can 
and L. icterohaemorrhagiae antigens. The 
results are presented in table 


Phe dogs were arbitrarily placed in fou 


age groups. The incidence of infection u 
the four groups was: 1 month to 1 year 
26.9 per cent; vear through vears, 17.4 
per cent; 4 years through 7 vears, 42.6 per 


cent; and 8 years through 12 years, 57.4 per 


cent These data indicate that the older 
the dog, the greater the opportunity for 
exposure. Of the 279 (53.8 male dow 
tested, 104 (70.4 yuve a positive sero- 
logic test with one or both antivens. Ninety 
ROD of the male reactors were post 
tive to L. canicola antigen, 10 (o.6 to 
and 2.88 showed 
an equal titer with both antigens. Of the 


Paraspecit reactl 
hivher dilutions, o rred with se ms wit 
ny a specific t if en Ot 
the sample 5, 7h 7 pos 
paraspecific reactior and 5 
~ 4 of the ‘ ere } tive to I 
clerohaen The a posi 
TABLE 3—Specific and ) 148 
Serologically Positive D 
tl serums the t ercentage 
re N tte ‘ } 
t 
Phe results of t 1 indicate that 
none of the t I tl proce 
dures are re able 10 per 
ent of the ‘ 2 
per ent 1 ner 
ry 
‘ 
exe sed in the ‘ jark field 
preparations, Schult ind H bse) 


i 
15 
antcola Tota 
‘ ‘ 
‘ 
| 
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motile filam elements, pse ido 


blood of 


spirochets 3,” 


jiseased individual If due 


taken possibl presence 


fewer false posit 
vielded 


the 


Deer 


al examination blood 


ive 
fifth day 
per 
been ob 
of othe 
Lept 
Da 


Pac k 


respectively, the 
50 and 100 per cent ace 
Bert workers 
ations are 

“are con 
ted at different 


determ 


ination © 


Tria \ pe act 


recovery 
on ot 


sible. He 


iment 1 


specific therapet 


yever as 


and indicate, 


TABLE 4 
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The 


results of experiment 2, relative t 
incidence of the disease, are ip 
with findings of Meyer** and 
Their examinations also dealt pre 
with L. can infections 
reports that leptospirosis ma) 


the 
aceord 
Rave n 
dominantly 
Klarenbeek 
occur up to ten times more often in the male 
female. However, L 
infections predominated in the 


the 


than in the cterohae 
morrhaqgtae 
animals studied by him 

It has been reported by Meyer ef al 
and Walch-Sorgdrager™ that inte 
canicola yield a higher titer 


Raven, 
tions due t« L 
than due to L 
The results of the third agglutination test 
im « showed that 22 73.3 of 
the serums gave four plus reactions in dilu 
tions of 1: 1,000, or higher. In experiment 
2 (15.4 of the serums had a 
1: 10,000, of specific titer to 
Only 35 (26.7°.) of 
1.000 of 


those icterohaemorrhag tae 


periment 1 


only 
greater, 
icterohaemorrhagiae 
the serums had a 1 
cifie titer with L 
Attention is called to the l-year through 
S-vyear age group of 221 (44 7 dogs, re 
experiment 2, which not 
conform to expected pattern of ag 
incidence. Seventeen per cent of this group 
showed Leptospira antibodies. Attention ts 
also directed to the fact that 25.7 per cent 
of the agglutination reactions 
occurred in this group. The reason for this 
could possibly be explained by the fact that 
kennel included in this exper- 
ment the majority of these 


1 vear 


greater sp 


canic ola, 


ported in does 


the 


positive 


dogs were 
The 
dogs ranged 
These dogs were kept in kennels and runs 


ages ot 
from through 3° years 
with concrete floors and rat infestation was 
not they not 
to run free and roam, as many pet dogs are 
had chance of exposure 


evident. Since were allowed 


rhaps thes less 


Incidence of Latent Canine Leptospirosis 


a 
pseucdespire nhete 
be rect rded 
Cultur 
a Leptospira org ms in 6 (20.0 = We 
exar If the blood could h 
obtained o r betore the fourth 
oft illness, it 1s nossible that a gre 
centage of isolations W wuld have 
é 
; tained. This confirms the resuits Ve 
vork r attempts to isol 
pira orga ms from human be Ease 
vidson ef Smith and Tulloch 
nana and Bertuces 
j Table 1 indi ites that the accuracy of the sy 
agwiutination test increases the diseas 
F progresses The results show that at twelve ie 
to fitteet davs nd twent ne to thirty 
approximate 
We 
According t 
that strong 
4 
existent If 
ducted with 
intervals, a more accurate } 
the status of the infection 
Although the agglutination test is a 
rapid, ac irate laboratory diagnostic pro as 
; cedure, it must be em] hasized that its use- B 
fulness is limited. At the time when a pos ‘ 
tive diagnosis can be made by this test, < 
most of the animals have either died or are _ 
on their way t Hence, the im a 
ia 
measures is not pos the 
results of exper i 
would appeal that it is f ills reliable uw i 
retrospective diagnoses a 
| 
Positive . 
te N 
‘ ‘ 4s 
‘ 
+ 6 
‘ ru area. ted Raven.” 
‘ trated an equal titer for both antigens 
‘ 
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to the infection. It is possible that, if kennel 


dogs had not been included in this study, 


the number of positive dogs would have 
heen greater in this age group 
The incidence of latent canine lepto 


spirosis has been summarized from compar- 
able reports in table 4. The world incidence 
is 0 to 45 per cent, the highest incidence 
occurring in Holland, where perhaps the 
most extensive studies on both human and 
canine leptospirosis have conducted 
In the United States, the range is 0 to 33.3 
per cent, with the highest reported from 
Pennsylvania and none reported from Ala- 
bama. The results reported here correlate 
closely with other reports from this coun- 
trv, although the incidence of L, tcte rohae- 
slightly 


been 


morrhagiae canine infection 1s 
lower 

There appears to be an explanation for 
the difference between the results obtained 
by Meyer®* and the results reported here 
The ten samples examined by Meyer were 
obtained from the Detroit area, from which 
Molner and Kasper.** Molner and Meyer,*' 
and Molner, Meyer, and Raskin** reported 
7h human cases of Weil’s disease. In addi 
tion, Meyer ef al..°* reported that 16 pet 
cent of the rats in that area showed rena! 
leptospiral infections Thus, be 
environmental conditions which exist in the 
Detroit area, the incidence of L 
morrhagiae infections 1s higher than in the 
It should be mentioned, how 


ause of 
clerohae 


Lansing area 
ever, that the canine serum 
mitted to the author for examination trom 
the Detroit area that L. canicola 
infections are alse 

Evidence supported by the findings in ex 
2 ‘table 3) indicates that many of 
may be 
Lepto 
spiruria occurs in these dogs and they play 
spreaders of the dis 
d to h 


samples sub 
indicate 
present 


periment 


the cases of typical canine illness 


subclinical or latent leptospirosis 
a predominant role a 


to other dogs iman beings 


St 


MMARY 


Staining. cultural, and serologic proce 
dures were conducted on the blood and urine 
collected from 30 naturally infected dogs to 
determine the procedures 
canine lepto- 


value of these 
for the laboratory diagnosis of 
spirosis 

The staining and cultural procedures are 
not considered reliable diagnosti methods 
The agglutination test was approximately 
second week 


50 per cent accurate after the 


NEWMAN 


accurate after 


of illness and 100 per cent 
the third to fourth 


yeek 

The serums 500 normal dogs were 
examined by the agglutination test in retro- 
Of the 29.6 per cent of 
titer to either 


from 


spective diagnosis 
the dogs demonstrating some 
Leptospira canicola or Le ptospira cterohae- 
morrhagiae antigens, or both, 26.2 per cent 
2.6 per cent 


cterohaemorrhagiae, 


were positive with L. canicola, 
were positive with L. 
and 0.8 per cent showed an equal titer with 
both antigens. 

Male and female incidence of latent infec- 
tion was approximately 2:1 

The incidence of the evi- 
denced by the results of experiment 2, in- 
creased with the age of the dogs 

The results of experiment 2 indicate that 
nearly one third of the dogs in the Lansing 
area are possible reservoirs of Leptospira 
infection, from which other dogs and man 


infection, as 


may acquire leptospirosis 
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Ithaca, 


ARE excellent animals 
perimental purposes 
many different bodily 


Amony dogs are found midget types, as 


for many ex 
there 
amony 


Docs 
because are 3 

them 
tne 


ty pes 


Pekingese; giant types, as the Great Dane 
and St and those which fall is 
what may be corsidered medium types, a 
the Basset Hound and the Terriers. They 
not only differ %n size, but also in general 
bodily 
perimental 
relationship between constitution and be- 


Bernard; 


shape, and thus are valuable as ex 


subjects for investigating the 


havior. Consider the long, lean, thin-lewyved 


Saluki and Whippet in contrast to the 
heavy-set, short, stocky Basset Hound 
These animals differ in form, and they also 


differ 


widely in psychology, as experiments 


carried on at Cornell University during 
1982 to 1942 have shown During these 
experiments, much attention was given to 


of the 
experiments, 


dietary 
In one of 


the 


types 


requirements various 


whe h 


made of 


these 


is reported here, an analysis was 


food intake, divestive efficiency, and general 


activity in three different breeds 


EXPERIMENTAI 


The first experiment compared the food u 
take of the dows when they were fed all t 
would eat for a number of day Fifteen ani 
mals were used in the experiment including 


{ German Shepherds, 4 Salukis, 6 Basset 


Hounds, and 1 hybrid which was three-fourths 
Basset Hound and one-fourth German Shepherd 
but which had the bodily shape of the Basset 
Hound These dogs were given all the food 
they would eat each day for a per od of five 
weeks The results indicate that the dogs dif 
fer in food intake from 1 Ib. of food for ever 

20 lb. of body weight, to 1 lh. of food for ever 

lb. of body weight T he breed no 
necessarily fall into the same grouping For 
example, between food intake f 20 and 30 

of body weirht to it ot food, there wer 2 


York 


Cermartr 


Basset Hout 


A Study of Food Intake, Activity, and Digestive 
Efficiency in Different Type Dogs 


W. T. JAMES, B.S., Ph.D., and C. M. McCAY, M.A., Ph.D. 
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he 
ia 
} f ti 
Th 
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Gem, Shepherds 2 young 
Bet of body 
ery 1 were 1 
founds, 
Shey hybrid 
termine 
loys ion an 
i wt 1 satis- ‘ 
eviou yn other 
by C. M this part 
7 ent. the i 1 Ib. of 
of bo eriod of 
The did not ; 
it may 
for ht, that 
many of the dogs w food in 
experiment 1 thar main- 
tenance The dog we apparentiy in as 
eee = good health at the end of experiment 2 as in | 
‘ t ict { iret ents 
; the dogs for a number of days j 
‘ \ ya ped eter na 
} ‘’s ne y a stra All of the 
| —SCSC‘(SCS so they were equal in perform 
ee at vere made on activity and . 
foun intake t the rar ad fference method, 
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VA i} ant nte a is 
4 ta (ye at Shepherd 
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® Foop INTAKE, ACTIVITY, AND 


The correlation between activity and weight 
0.64 In 
the 
the 
the 
active 


was general, one might be inclined 


light 
heavier 


would be 
This 


since 


to assume animals 
active than 
seem to 
the 
alac 

All of these correlations would seem to in 
dicate that it is difficult at the 
time to make principles regarding food intake 
activity, and 
involved in each of these, and it Is extremely 
difficult to 
One of the most important differences between 
and this 
food 


more 
not 
of 


were 


dogs does 
however! 


of 


he case, 


most members 


the heaviest 


the group 


rather present 


weight. There are many factors 


isolate them in one experiment 


the dogs was that of general activity, 


does seem to be more related to 


intake than any other factor 


closely 


The third experiment of the series was con 
cerned with a comparison of the 
efficiency of the dogs. In this experiment, the 
amount of food digested was determined on a 
typical Basset Hound, a German Shepherd, 


digestive 


DIGESTIVE EFFICIENCY IN DoGs 4138 


for all dogs. When fed on the basis of 1 Ib. of 
6 Ib. of body weight, all dogs digested 
cent of the food eaten Table 1 
percentage of protein, starch, fiber, 
each diet 


food for 

xO 
the 
and fat content digested in 


about per 


shows 


SUMMARY 


1) The present study that 
many much more food than they 
need for maintenance if fed on the basis of 


suggests 
dogs eat 


self-selection 

2 The three Saluki, Basset 
Hound, and German Shepherd, can be main- 
tained on 1 lb. of food for every 36 Ib. of 


breeds, 


body weight without any difficulty 


8) There is not any great degree of dif- 
between the breeds in the per- 
centage of total food digested, or in the 
percentage of fat, protein, stare h, and fiber 
content digested 


ference 


TABLE |—Comparison of the Digestive Efficiency of the Dogs 


fed dif- 
days and on 
every 36 lb. of 
of the pe 
dehydrated 
their protein, 
moist fiber, and soluble 
by the nutrition department of Cornell 


were five 


ter 


The dogs 


a period of 


Saluki 
foods for 

basis of 1 lb. of food fo 
weight. On the last six days 
the feces were collected, 
weighed, and ther for 
starch, other 
tract, 


and a 
ferent 
the 

body 
riod, 
analyzed 
ure, ex 
University. By comparing the amount of feces 
with the food consumed during the six-day pe- 
riod, the degree of digestion for each was deter- 
mined for the The of food 
digested by each animal was r¢ latively the same 


dogs amount 


4 Apparently, the greatest difference 
between the dogs is general activity, W hich 
correlated food 
difference in 


factor 


is rather highly with in- 
take. This points 
citability the 


with in studying the breeds 


to a ex- 


as to deal 


important 
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IN 1938, LEVADITI and Reini« 
sulfanilamide 
induced 
fections of chickens. In the same year Car 
Nobreva, and Reis 
results with sulfanilamide in an o 
fowl cholera in chickens Unfortunately, 
large daily sulfanilamide were 
needed, and such doses may cause paralysis 
Devolt® reported that 1 per 
cent sulfathiazole in the mash helped to 
control fowl cholera in chickens and tur 

keys, but 2 per cent was toxic to laying hen 


reporte d that 


reduced losses from experi- 


mentally Pasteurella multocida in- 


dosa, reported similar 


tbreak of 
doses ot 


or renal failure 


in three to four days 


It was felt that these finding istified 
the study of other sulfonamides. Sulfamer- 
azine Was selec ted, since it vas readily 


available when the study 
After this 


reported that sulfamethazine wa 


work was begun, Kiser ef al 


in reducing losses of chickens exposed to 
P. multocida. It was not toxic, and the 
disease did not recur. Later, Hilbert and 


Kiser sulfamethazine of value ina 


found 


natural outbreak of fowl! cholera in ducks 
EXPERIMENTAL MeTHOD 

The chickens used in this tudy were of 
mixed breeds and were more than 7 months 
old. The turkeys were more than 6 month 


of the Belt 


ville White 
Breasted 


old, and were primarily o 
variety, although some of the Broad 
Bronze variety 

The birds were confined indoor it 


were included 


unhe ated 


isolation quarters. They were fed a ratior 
recommended by the University of LIllino 
\ m f 
filment ft? 1 
ersit 
Fron ‘ 
ind Hy«ter ‘ 
Agricultura box 
Ur 
tirat 
nd assi ‘ 
Professor N 
Veterinar M 
i 
Ack 
ijlenolden 
set in t trad ‘ 


The Prophylactic and Therapeutic Properties of 
Sulfamerazine in Fowl Cholera 
J. ©, ALBERTS, V.M.D., Ph.D. 


Urha a, 


Illinois 


Division of Poultry 
Water was supplied ad libitum. 
of BP. mult which was used 
in this study, was isolated in 1945 from turkeys 
that had died during a field outbreak of acute 
fow! cholera. When grown on proteose-peptone 
2 horse serum, it 
produced colonies of the fluorescent type de- 
scribed by Hughes.” Lyophilized cultures were 
prepared by a slight modification of the method 
of Raper and Alexander 
Adult chickens and turkeys were exposed to 
of P ultocida either by intramus- 


College of Agriculture, 


Husbandry 


Strain 6-7 cida 


agar containing per cent 


strain 6-7 


cular inoculation or by nasal instillation. This 
strain consistently killed turkeys within forty 
eight hours after intramuscular inoculation of 
5 x 10° or more viable organisms. Among simi- 
larly exposed chickens, no more than 60 per 
cent died within five days; however, as many 


as 30 per cent of the birds lingered as long as 
ymptoms of emaciation 
paralysis, er arthritis 


per cent of the chickens inoculated 


i month and developed 
and eithe: 
Thirty 


intranasally 


cephaiitis, or 
five 


within seven days after ex- 


posure. An additional 25 to 30 per cent had 
rhinitis, ocular and orbital swellings, and 
arthritis, during the next three weeks 
Chickens and turkeys were challenged intra- 
muscularly wit approximately 5x 10° to 
2.5 x 10" live organisms, and intranasally with 
approximately 5x 10° organisms. Necropsies 


and bacteriologic examinations of the liver, 
heart, lung, and blood were made of birds that 
died or were killed following exposure 


were determined 
and Mar- 
with a Klett-Sum- 


Sulfameraz 
according to the method of 
| Readings were made 

} 


colorimeter 


EXPERIMENTAL RESULTS 
Experiment A—Prophylacti« 
ga 


Sulfamerazine nst Experimental 


Action of 
Cholera in Turkeus and Chickens Fewer 
turkeys simultane- 
intramus- 
and given sodium sulfamera- 
exposed 


were observed in 


losses 
ously exposed te itocida by 
culat 
zine orally than it 


injection 


intreated 


turkeys Birds that received 143.0 and 
107.25 mg. of sodium sulfamerazine pet 
Kiioyram veignht 10 and 0.75 yr 

Ib in divided daily doses were better pro- 


— 

| 

it4 


SULFAMERAZINE 


tected at the end of five and thirty days 
following exposure than those that received 
lower doses of 71.5 and 35.75 mg. per kil 
gram of body weight table 1 Fowl 
cholera reappeared in the treated groups o! 
turkeys within two to four days after the 
apy was stopped; however, losses subsided 
in groups that rec eived an additional course 
of either 143.0 or 107.25 mg. of the druy 
per kilogram of body weight 

Three groups of 20, 20, and 10 earling 
chickens were fed 0.4, 0.3, and 0.2 per cent 
sulfamerazine-mash mixtures, respectively, 
for two days before and five davs atter 
intramus« ular exposure to P multocida 
‘table 2 Five days after exposure, the 
mortality was reduced 72.7, 54 5, and 27.2 
per cent, respectively, in the three treated 
groups. Thirty days after exposure the 
reductions in mortality were 50.0, 45 7. and 
12.5 per cent, respectively 

In two similar groups of 20 chickens each, 
that received 0.2 or 0.1 per cent sodium sul 
famerazine in the drinking water, mortality 
was reduced 72.7 and 27.2 per cent on th 
fifth day of treatment and 62 5 and 37 
per cent, respec tively, thirty days after ex 


n 


posure. 
In table 3 are given the effects of sulfa- 
merazine treatment in two groups of 20 


Fig. !—Blood-sulfamer 
azine concentrations in 


turkeys 


IN FOWL CHOLERA 


Five 


davs atter exposure, losses were reduced 


hickens, each exposed intranasally 
83.2 and 100 per cent, respe tively, in the 
birds that received 0.4 per cent sulfamera 


0.2 per cent sodiun 


zine in the mash ana 
sulfamerazine in the drinking wate! rhirty 
davs after exposure or twenty five days 
after treatment was stopped, losses were i 
duced 76.9 and 69.2 per cent, respectively, 
in the treated groups. At the end of thirty 
days, the survivors were killed. Blood « il 
tures were negative for ltocida. The 
organism was isolated from a lung abscess 
of 1 bird that was fed 0.4 per cent sulfa- 
merazine in the mash and trom the nasal 
cleft of 2 untreated, infected control birds 
Experiment B-—Blood-Sulfamerazine Lei 
els in Turkeys and Chickens Sulfamera 
Asi concentrations in the blood were 
determined for four days in 5 turkeys of 
each group that received 145.0, 107.25, 71.5, 
and 35.75 mg. per kilogram of body weight 
143.0 mg. kx. equals 1 gr. Ib.) sodium sul 
famerazine orally for two days fig. 1). The 
drug was given in two divided doses at & 
a. m. and 6 p. m. and blood was collected 
two hours after the second dose was given 
Although it was administered at a uniform 
dosage rate, differences were noted in the 
blood-sulfamerazine levels of different birds 


oars 


43.0 Mg/Kg per daily for two Gays treatment of 4th days 
57 25 Mg /Kg per of daily fortwo days Notreatment 3rd or 4th doys 
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Two hours after the fourth treatment, the 
highest mean blood-sulfamerazine level of 
16.4 mg. per 100 ml, of blood was present 
in turkeys that had received sodium sulfa 
merazine at the rate of 143.0 mg. per kilo 
gram of body weight. The average blood- 
sulfamerazine Jevel was less than 5 mg. per 
100 ml. of blood in turkeys that received 
35.75 mg. per kilogram of body weight 
daily for two days. Twe days after treat 
ment was stopped, no sulfonamide was 
found in the blood of turkeys that had re- 
ceived 35.75 er 71.5 mg. of sodium sulfa- 
merazine per kilogram of body weight 
Blood-sulfonamide levels were similarly 
determined in 5 enickens of each group that 
received 0.4 or 0.8 per cent sulfamerazine 
in the mash or 6.2 per cent sodium sulfa- 
merazine in the drinking water ‘fig. 2) 
Differences in blood levels were noted among 
different chickens that had access to the 


same sulfamerazine-mash or water mix- 
tures 
Experiment ( Therapeutu Action of 


Sulfamerazine and Sodium Sulfamerazine 
in Karpe rimentally Induce d Fowl Cholera of 
Chickens In two groups of 20 chickens 
each, exposed intramuscularly to approx: 
mately 1.5.x 10° multecida, therapy was 
delayed until symptoms of the disease ap 
peared and a few hirds had died, The thera 


ALBERTS Kes 


peutic action of 0.4 per cent sulfamerazine 


in the mash or 0.2 per cent sodium sulfa- 
merazine in the drinking water are shown 
in table 4. During the five-day period ot 
access to sulfamerazine, 6 chickens died; 
however, 4 of the birds were visibly sick 
at the time treatment was begun. Similarly, 
2 of 3 chickens which appeared sick at the 
time sodium sulfamerazine treatment was 
beyun died during the following eighteen 
hours. Thirty days after exposure, losses 
were 21.3 per cent less in the chickens that 
had access to a 0.4 per cent sulfamerazine- 
mash mixture than they were in the un- 
treated control birds. During the same 


period, losses were reduced 40. per cent in 


the birds that had received 0.2 


per cent 
sulfamerazine in the drinking water 
Experiment D-—-Reexposures of Turkeys 
Recovered trom vrperimental Pasteurella 
Vultocida Infection Twenty-five turkeys 
that had recovered from an intramuscular 
injection of strain 6-7 with simultaneous 
sodium sulfamerazine therapy administered 
at the rate of 143.0 mg. per kilogram of 
body weignt ee table 1 were reexposed 
to the organism five weeks later The birds 
were separated into five groups of 5 birds 
each and challenged by intramuscular injec- 
tion of 5x 10°, 8x 107, 6x 10°, and 2.5x 


organism res} tively In one group 
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Fig. 2—Blood-sulfamer- 
azine levels in chickens 
during a period of six 


days 
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that was exposed to 2.5 x 10° organisms, the 
ration was supplemented by the addition of 
1,500 units of cod liver oil per pound of 
mash and alfalfa leaf meal (20°. protein 
at a level of 1 Ib. to 3 Ib. of mash for three 
weeks before reéxposure. All the previously 
exposed birds became sick; however only 
1 turkey died in each group that received 
25x10" and 6x 10° organisms and 2 tur- 
keys died in the group that rec eived 8x 10 
organisms. All exposed, sus eptible control 
turkeys, 2 in each group, died within forty- 
eight hours. 

Nine weeks after the first reexposure t 
P. multocida, or three and one-half months 
after the initial exposure to the organism, 
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of fow! cholera have been observed in three 
Illinois turkey flo ks. 

An affected 6-month-old flock was placed 
on a 0.5 per cent sulfamerazine-mash mix- 
ture for four days and marketed immedi- 
ately. A slight lack in quality of these birds 
caused some loss in profit. The mortality 
was 4.1 per cent 

In the second outbreak among 5-month- 
old turkeys, 6.2 per cent sodium sulfamera- 
zine was added to the drinking water on 
the first, second, third, fifth, eighth, and 
twelfth The recurred the 


twenty-ninth day after was 


disease 
treatment 


days. 


stopped, Another three-day course of ther- 
apy was administered, and the birds were 


TABLE !—Experiment A—Effect of Sodium Sulfamerazine After Simultaneous Treatment and Exposure to « 
Lethal Dose of Pasteurella Multocida Strain 6-7 in Turkeys 


18 turkeys were separated into three groups 
of 6 birds each, and reéxposed a set ond time 
with 10x 10%, 5x 5x 10° intra 
musculat respectively, of strain 6 7 
None of the previously exposed birds died ; 
however, 1 turkey that had received 10x 19 
organisms became emac iated and a pectoral 


and 


doses, 


abscess was found near the site of inocula- 
tion. This bird was killed and P. multocida 
was isolated from the abscessed tissue. All 
exposed, sus eptible turkeys, 2 in each 
group, died within forty-eight hours. Sulfa- 
merazine Was not employed during the first 
or second reéxposure tests. 

Experiment Sulfamerazine Treatment 
of Turke ws During Fu ld Outbreak of Fowl 
Cholera.—In a previous paper, Alberts and 
Graham® reported that a 0.5 per cent sulfa- 
merazine-mash mixture reduced losses due 
to fowl cholera in a flock of 1,900 tom tur 
kevs during the period of treatment and 
for at least two days after treatment was 
The disease reappeared twice dur- 
ing the observation period; in each in- 
stance. losses subsided after an additional 
course of sulfamerazine therapy. 

Following this report, sporadic 0 itbreaks 


stopped 


Thirty days 


marketed. A loss of 7.4 per cent of the 
turkevs was attributed to fowl cholera, 

In a 4-month-old flock, the disease was 
highly contagious and its rapid. 
Losses were 21.5 per cent before sulfamera- 
zine therapy could be wdministered. The 
weather was below freezing and windy. A 
0.4 per cent sulfamerazine-mash mixture 
was given, but feed consumption was less 
than normal, Not until the seventh day of 
treatment did The disease 
reappeared on the f urth day after treat- 
ment was stopped and intermittent sulfa- 
merazine therapy was begun. A 0.4 per cent 
sulfamerazine-mash mixture Was provided 
on the first, second, third, fifth, eighth, and 
twelfth days. The disease reappeared on 
the seventh day after the intermittent 
course of treatment was stopped. Sulfamer- 
given for three days, and the 
remaining, apparently healthy birds were 
sold at a sharply reduced price. From the 
beginning of sulfamerazine therapy until 
the birds were sold, 19.7 per cent of the 
flock died. 


course 


losses subside 


azine Was 


DiscUSSION 
The results of experiment A indicate that 
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143.0 and 107.25 mg. of sodium sulfamera- ly, of the sulfonan de-mash mixture. After 
zine per kilogram of body weight protects treatment was discontinued, the disease re- 
turkeys against experimentally induced appeared in only | or 2 chickens at any one 
fowl cholera during the period of treatment time. In protecting chi kens exposed to P 
and for two to four days after treatment multocida, 0.1 and 0.2 per cent sodium sul- 
is stopped. Two lower dosage levels, 71.5 or  famerazine in the drinking water were 


TABLE 2—Experiment A—Effect of Sulfamerazin§ and Sodium Sulfamerazine Before and After Intramuscular 
Exposure to Pasteurella Multocida Strain 6-7 in Chickens 


35.76 me. per kilogram of body weight, about as effective as 0.3 and 0.4 per cent 
f are not as effective. The reappearance of u'famerazine in the mash 
; the disease emphasized the importance of Since fewer untreated, exposed chickens 
carrier birds, which was demonstrated by died during the initial five days after intra- 
the isolation of the organism from a lung nasal exposure to P. muitoe da, the reduc- 
abscess of 1 of the birds. Reis'’ recovered 2?’ tion in losses among birds that received 
4 multocida just before death fron the feces either sulfamerazine or sodium sulfamera- 
of birds experimentally infected by the in zine was not particularly striking. How- : 
tramuscular or nasal] routes, and from the ever, during the twenty-five days after 
nasal mucus early in the course of the treatment was stopped, losses were reduced 
disease. Furthermore, Reis has shown 56 and 59 per cent among chickens that had 
that “healthy carriers” may be found among _ received 0.4 per cent s ilfamerazine or 0.2 
chickens that received simultaneous injec per cent sodium sulfamerazine, respe tively 
tion of virulent P. multocida and sulfanila Although the number of birds was small, 
mide. blood-sulfamerazine levels recorded in ex- 
Losses were reduced among chickens that periment B ‘fig. 1) sugyest that more than 
had access to either 0.4 or 0.3 per cent sulfa 5 mg. per 100 ml, of blood may be required 
merazine in the mash for five days after to prevent death of turkeys exposed to P. 
exposure to P niultocida. A level of 0.2 per multocida The blood levels of 3 turkeys 
cent of the sulfonamide-mash mixture was which died were less than 5 mg. per 100 ml 
ineffective. Twenty-five days after treat of blood Extremes above and below the 
ment was discontinued, losses were 50.0 and mean blood-sulfamerazine levels were ob- 
43.7 per cent less in chickens that had re served in different turkeys of the same 
ceived either 0.4 or 0.3 per cent, respe tive group that received a uniform dosage of the 


TABLE 3—Experimont A—Effect of Sulfamerazin»s and Sodium Sulfamerazine Before and After Nasa! Instillatio 
of Pasteurella Multocida Strain 6-7 in Chickens 
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drug based on weight. These differences 
may have been due either to differences in 


amounts of sulfamerazine absorbed from the 
intestinal tract or to differences in rates 
ef excretion of the drug by the kidney 

Chickens that had access to 0.4 or 0.5 per 
cent sulfamerazine in the mash or 0.2 per 
cent sodium sulfamerazine in the irinking 
water appeared to develop adequate blood 
sulfonamide levels (fig. 2). The hiwher mor- 
tality among the chickens that received 
either 0.2 per cent sulfamerazine in the 
mash or 0.1 per cent sodium s ilfamerazine 
in the drinking water appears to be due te 
an insufficient amount of the drug 

In experiment C sulfamerazine and 


[ABLE 4—Experiment C—Therapeutic 


Effect of Sulfamerazine and Sodium Sulfamerazine in Experimentally 


orally for two days at the rate of 143.0 and 
107.25 mg. per kilogram of body weight 
effectively reduced mortality in t irkeys due 
to experimentally induced fowl cholera 
After treatment ceased, the disease reap- 
was again conti led by oral 


? 


peared, b 
sodium sulfamerazine therapy 

2) There were 72.7 and 54.5 per cent 
fewer losses in chickens receiving either 
a 0.4 or O03 per cent sulfamerazine-mash 
mixture, respectively, than tn untreated 
control birds. The addition of 0.2 per cent 
sodium sulfamerazine to the di inking water 
protected Pasteurella m dtocida-infected 
chickens to about the same ¢ xtent as 0.4 per 


cent sulfamerazine in the mash 


induced Fowl Cholera of Chickens 


sodium sulfamerazine were not imme diately 


effective in reducing mortality in chickens 


after experimentally induced fow! cholera 
had become established. A number of the 
birds were visibly sick at the time treat- 


ment was begun Since the effectiveness ¢ f 
the sulfonamide depends upon adequate con- 
sumption of the drug, it is not unreasonable 


to assume that in reased losses occurring 


during the period of treatment were the 
result of widespread tissue damage before 
the drug could exert its optimum antiba¢ 
terial activity 

The results reported in experiment LD 
suggest that turkeys which recover fron 
P. multocida infection after sulfamerazine 
therapy may have developed some immunity) 
against subsequent infections These find 
ings further suggest that sulfamerazine 
may not impair the development of im- 
munity. There is evidence that the acquired 
resistance may last two months 


SUMMARY 


1 Sodium sulfamerazine administered 


3 Differences in blood-sulfamerazine 
levels were oODs¢ rved In turkeys that re 
e drug per unit 
of weight, as well as chickens that had 
access to the same amounts of the drug in 
mash or watel 

4) Sulfamerazine and sodium sulfamera- 
zine reduced losses In ¢ hickens after experi- 
induced fowl cholera had become 


mentally 
established The greatest losses occ urred 


during the two days after treatment was 


started 

5) Turkeys that had re overed from an 
experimental P. multocida infection and 
treatment with sodium s ifamerazine were 
partially immune five weeks later to a chal- 
lenge reéxposure with the organism They 


were even more resistant to a second re- 


exposure nine weeKs later 
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THE REPORTS made by Severens, Roberts, 
and Card,’ and Bottorff and Kiser? on the 
effectiveness of sulfamerazine on preventing 
losses in chickens exposed to Salmonella 
pullorum suggested the possibility that this 
drug might be effective in preventing losses 
caused by Salmonella gallinarum. Both 
organisms are similar in morphologic and 
antigenic structure and are transmitted 
naturally in a similar manner 

Holtman and Fisher® * found sulfamera- 
zine and sodium sulfamerazine highly effi- 
cient in reducing mortality due to experi- 
mentally induced fowl typhoid of young 
chickens. Recurrences of the disease were 
noted, but on each occasion losses stopped 
after additional treatment with the drug 
According to Pomeroy, Fenstermacher, and 
Roepke,® sulfamerazine did protect 
chicks exposed to S. gallinarum Because 
of differences in the results of these 
workers, it was considered worthwhile to 
study further the preventive and therapeu 
tic effects of sulfamerazine on S. gallinarum 
infections 


MATERIALS AND METHODS 


Three-day-old New Hampshire Red chicks 
were used in exposure studies of fow! typhoid 

Salmonella gallinarum strain 10-4, which was 
used in these experiments, had been isolated 
from chickens that died during an outbreak of 
acute fowl typhoid. Lyophilized pure cultures 
were prepared by a slight modification of the 
method of Raper and Alexander." 

Day-old chicks, from pullorum-free flocks, 
were kept in electric brooders and fed a 
starter mash of the same composition as that 
used by the University of Illinois Division of 
Poultry Husbandry. 

At 3 days of age, « hicks were « xposed 
with 7.5 x 10° to 1.25 x 10° S. gallinarum. Sul 


= * 
orally 


famerazine and sodium sulfamerazine in dif 
ferent quantities were added to the mash or 
drinking water for varying periods before or 
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after exposure to the organisms. Exposed and 
unexposed, untreated chicks were included in 
each experiment as controls Blood-sulfa 
merazine levels were determined according to 
the method of Bratton and Marshall’ and read 
ings were made with a Klett-Summerson 


colorimeter 
EXPERIMENTAL RESULTS 


E’'rperiment Propl vlactic 
of Sulfamerazine Against Experimental 
Fowl Tupho d in Chickens Losses were 
almost entirely prevented in  3-day-old 
chickens that received either 0.4 per cent 
sulfamerazine-mash mixture or 0.2 per cent 
sodium sulfamerazine in the drinking water 
for seven consecutive days immediately 
after exposure to S. gallinarwm (table 1 
No treatment was given on the following 
fourteen days. Three weeks after exposure 
to the organisms, mortality was 28.0 and 
33.4 per. cent less in the treated groups of 
birds. During the two weeks after treatment 
was discontinued, however, the recurrence 
of fowl typhoid caused a loss of 67.0 and 
60.0 per cent in the chicks that had received 
sulfamerazine 

The results of the intermittent use of 
sulfamerazine and sodium sulfamerazine 
following exposure of chicks to S. galli 
narum are shown in table 2 The birds had 
access tG mash or water containing the sul 
fonamid? on the first, second, fourth. fifth, 
eighth, twelfth, and seventeenth days after 
exposure. Three weeks after exposure to 
the organism, mortality was reduced 70 and 
67 per cent in chicks that had access to 0.5 
or 0.4 per cent sulfamerazine-mash mix- 
tures. Losses were 75 per cent less in chicks 
that received 0.2 per cent sodium sulfamer- 
azine in the drinking water than in exposed, 
untreated chicks. At the end of twenty-one 
days, losses were 53 per cent less amony 
birds that had access to 0.3 per cent sulfa 
merazine in the mash, and 32 per cent less 
in chicks that had access to 0.1 per cent 
sodium sulfamerazine in the drinking water 
than in exposed, untreated chicks 


periment BRlood-Sulfamerazine 
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Levels in Chickens Exposed to Salmonella 
Gallinarum.—-Blood-sulfamerazine determ) 
nations were made each day on 5 different 
chicks from four groups of 30 each that had 
received either 0.4 or 0.3 per cent sulfamer- 
azine-mash mixtures or 0.2 or 0.1 per cent 
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A total of 25 (48%, chicks died during 
the seven-day period of sulfamerazine ther- 
apy, of which 14 died during the first twe 
days after treatment was begun. A similar 
reaction was noted in the chicks that 


received sodium sulfamerazine; 30 19 ) 


TABLE |—Experiment A—Effect of Sulfamerazines end Sodium Sulfamerazine in Experimentally Induced 


*Treated 
seven days after « osure t taimonella allina 


we birds died dea 


respectively, sodium sulfamerazine in the 
drinking water. The sulfonamide-mash or 
water mixtures were kept before the birds 
for three days. The first day after sulfa- 
merazine therapy was begun, all chicks 
were exposed to the organism. Results of 
the blood-sulfamerazine determinations of 
the different sulfonamide dosage levels are 
shown in fig. 1. Residual blood-sulfamera 
zine levels were determined on the first and 
second days after therapy was discontinued 

Therap ifie Letion 
of Sulfamerazine in Experimentally Induced 
Fowl! Typhoid of Chickens Sulfamerazine 
therapy was delayed until the fifth day 
after exposure to the organism At this 
time, a few chicks in each exposed group 
had died and several birds appeared listless 
The results are presented in table 5 


TABLE 2—Experiment A—Effect of Sulfamerazine and 
Sodium Sulfamerazine with Intermittent Treatment of 


if 


Chicks Exposed to Salmonella Gallinarum 


Typhoid in Chicks 


birds died, but 25 of the chicks suc umbed 
within two davs after treatment was 
started 

rpertiment Ree ences of Fowl 
Typhoid in Chicken Throughout the ex- 
perime ntal observations ot induced fowl 
tvphoid in chickens, reappearance of the 
disease was observed afte! ilfamerazine 
medications were discontinued Similar 
results have been observed by Holtman and 
Fisher,’ and Hall ef al.> Such recurrence 
was more evident following the continuous 
ie of the drug for five to eight days than 
after the intermittent use of the drug. The 
cumulative mortality in young chicks caused 
by fowl typhoid after sodium sulfamerazine 
therapy was discontinued is shown in table 
1. Sodium sulfamerazine therapy was not 
begun intil the fourth dav after 105 
}-dav-old chicks were exposed orally to ap- 
proximately 1x 10° viable organisms of 
strain 10-4 Twe hicks died during the 
three davs before treatment was begun, and 
S. gallinarum was isolated from the liver 
and heart of 1 of the birds. On the sixth 
and ninth days after exposure, the birds 
were transferred to clean, disinfected 
brooders. During the eight-day course of 
sodium sulfamerazine therapy, 16 15.5% 
hicks died. A total of 31 (30.1 chicks 
died within thirteen days after treatment 
was stopped 

An attempt was made to determine 
whether S. gallinarum remained in the 


tissues of exposed chicks that had con- 


Neus access ft lium sulfamerazine or 


sulfamerazine in the water or mash. Three 
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7.5x 10° organ 

thre« 
50 birds each. One 
mash contain- 
which 


twenty-one 


days after oral exposure to 


icks were into 


LOG, 


250 ct separated 
100, and 
100 chicks re 
sulfamerazine, 

for 
100 chicks 


ism, 
groups of 
group of 
ing 0.4 per cent 
kept before the birds 
A similar group of 


elved 
Was 
days 


ess 


had ace 
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while still on treatment 
Se um was isolated from the 
livers and hearts of 37 41.1 chicks, At 
lesions suggestive of 


day intervals 


imoneiia gai nai 


hecropsy, Macroscopl¢ 
fowl typhoid were observed in 17 (18.9%) 
of the chirkens 


Approximately 2 ml blood was 


of heart 


| — Blood 


levels in 


Fig. sul 


famerazine 


chicks exposed to 
Solmonella gaili- 


norum 


(m6 


8.000 Levers 


OaYs 


X = Dote of exposure to Saimonelio gallinarum 


0.4% sw in 
0.3% SM in 
0.2% NoSM 
0.1% NaSM 


to drinking water containing 0.2 per cent 
sulfamerazine. The remaining 50 


exposed chicks served as untreated controls 


sodium 


In the group of 100 exposed chickens that 
had access to a 0.4 per cent sulfamerazine 


birds 


ive ior 
during four-day intervals while 
Sal) 
trom the 
56.4 chickens. At 


mash mixt twenty-one days, 


Lill 
Were 


treatment onella gallinarum 


was Isolated hearts and livers of 


is necropsy, Macro- 


sugyestive of fowl 
24 
Similarly, in a group of 


that had access to drinking 


were observed in 28.2 


chickens 100 ex 
posed chickens 
water containing 0.2 per cent sodium sulfa 


merazine, 90 birds were killed during four 


mash (no treatment 4th. or 5th. days.) 


mash (no treatment 4th. or Sth. days.) 
in water (no treatment 4th. or Sth. days.) 


in water (no treatment 4th. or Sth days.) 


collected aseptically from each of 10 
chickens on the twenty-first day after they 
had isly re either 0.4 per 
cent sulfamerazine in the mash or 0.2 per 
cent sodium sulfamerazine in the drinking 
water. One of ten blood from 
chickens that re sulfamerazine 
tained S. gall while 
blood cultures from chic kens that received 
the or- 


continuo eived 


cultures 
eived con- 


narum, none of ten 


sodium sulfamerazine contained 
wanism 

Experiment of 
zine tn a Sporadic Outbreak of 
T a n 7 urke Fow] ty phoid ap 
peared in a group of 370, 12-week-old tur 
keys A group of 270 birds received a O45 
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per cent sulfamerazine-mash mixture for 
seven successive days. Another group of 
100 turkeys was maintained as untreated 
controls. Losses in the treated turkeys were 
reduced 78.2 per cent at the end of seven 
days. Unfortunately, post-treatment obser 


vation of the treated and untreated birds 


was not possible, since the flock caretaker 
placed these poults on range with another 
group of 1,100 poults of the same age The 
flock owner later reported that more than 
100 poults died, presumably from fowl 
typhoid, 


DISCUSSION 


Chicks were protected against an experl- 
mental S. gallinarum infection during a 
seven-day period of continuous treatment 
with 0.4 per cent sulfamerazine in the mash 
or 0.2 per cent sodium sulfamerazine in 
the drinking water. This method of therapy, 
however, cannot be considered satisfactory, 
since 60 to 65 per cent of the chicks died 
within two weeks after it was discontinued 
These results suggest that sulfamerazine 
did not destroy all S. gallinarum in the body 
of exposed birds. 

The intermittent use of 0.5 per cent sul- 
famerazine in the mash or 0.2 per cent 
sodium sulfamerazine in the drinking water, 
i.e., on the first, second, fourth, fifth, eighth, 
twelfth, and seventeenth day after exposure 
to the organisms, was effective in reducing 
losses caused by S. gallinarum. When the 
same amount of drug was given over 4 
longer period, losses following the recur- 
rence of fowl typhoid were reduced about 
60 per cent by the intermittent method as 
compared to the continuous method of treat 
ment. Further study on the intermittent 
method of treatment for fowl typhoid seems 
worthwhile, particularly in outbreaks ot 
disease among birds in broiler estabhsh- 
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ments. The intermittent use of a 0.3 per 
cent sulfamerazine-mash mixture or 0.1 per 
cent sodium sulfamerazine in the drinking 
water did not provide as good protection as 
0.4 per cent sulfamerazine and 0.2 per cent 
sodium sulfamerazine against fowl typhoid 
at the end of twenty-one days 


TABLE 3—Experiment C—Therapeutic Effect of Sulfamerazine and Sodium Sulfamerazine in Experimentally 
Induced Fow! Typhoid of Chicks 


Chicks that had access to either 0.4 or 
0.3 per cent sulfamerazine in the mash or 
0.2 or 0.1 per cent sodium sulfamerazine 
in the drinking water (fig. 1) developed a 
mean blood-sulfamerazine level of 13.6, 11.2, 
15.1, and &.0 mg. per 100 ml. of blood, 
respectively, during the three-day period of 
treatment The mean blood-sulfonamide 
level did not fall below 5 mg. per 100 ml. of 
blood until the second day after treatment 
was discontinued, except in chicks that re- 
ceived 0.1 per cent sodium sulfamerazine in 
the drinking water 

Sulfamerazine and sodium sulfamerazine 


TABLE 4—Experiment D—Recurrence of Fow! Typhoid 
in Chicks after Eight Days Sodium Sulfamerarine 
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were effective in checking losses in chicks 
within five days after experimentally in 


duced fowl typhoid had become establishe d 


The fact that the sulfonamide does not exert 
an immediate antibacterial action Is indi 
cated by the deaths of 36 and 45 per cent 


that received sulfamerazine 
sulfamerazine, 


after 


of the chicks 
and sodium 
within 
started 

In experiment D, the reappearance 
fowl typhoid in chic kens that had been 
treated with 0.2 per cent sodium s ilfamera- 


respectivels 


two days treatment was 


aused by contamination 


zine may have been « 
and feed 


of the platform, 
by S. gallinarum from excretions of 
Although the treated birds 
disinfected 


screen water, 
trays 
exposed birds 
were transferred to clean and 
brooders on the third and sixth 
treatment, this control measure did m 
clude the that 

might have been eliminated 1 the 
second transtet 


days of 
t eX 
possibility the organism 
feces oft 
the treated birds afte the 
to clean and disinfected surro 
should be noted that 
the last three days of 


not reappear ul til the third day after 


indings. It 
d iritip 
did 


treat 


k eased 


treatment and 


ment was discontinued 


In birds killed after receiving either drug 


for one to twenty-one days, 22 colonies of 
S. gallinarum was the largest number is 
lated from the liver or heart « iltures of 


any bird. Cultures from_a majority of the 
birds on continuous treatment contained 
less than ten colonies of the organism. On 
the other hand, the colonies of S. galiinarun 
were so numerous that an accurate count 
was not possible from liver and heart cul 
tures of chickens sacrificed three days nutter 
being taken off treatment Although mac! 
scopic lesions were observed in a number 
of the chickens killed during the period ot 
treatment, these tissue changes did not seen 
to impair noticeably the ing bird 


SUMMARY 


cent 


1 A 04 pe 


mixture or 0.2 per cent sodium sulfamera 
zine in the drinking water Was effective in 


losses CA ised by Sa one 


preventing 


IN Fowl 


suifamerazine-n ash 


4125 


gallinavum in chicks, during @ seven day 

course of treatment and for two davs atte 

treatment was stopped The re- 
often 

irae of treatment Was given 

if sulfamerazine 


21 day 


disease 


irre and losses were severe unless 


an additional co 
2) The intermittent 


or sodiun 


" 
se 


sulfamerazine during a 


period protected more chicks exposed to S 
gallina m than the use of the same levels 
of the drug for seven successive days 

3 Chicks that received 0.4 or 0.3 per 


cent sulfamerazine in the mash and 0.2 o1 
0.1 per cent eodium sulfamerazine in the 
drinking water developed mean blood-sulfa 
merazine levels of 13.6, 11 2 15.1, and &.0 


mg. per 100 ml. ot blood, respectively, dur 
ing a three-day period of treatment 

4) Losses were severe during the first twe 
days in chicks that received sulfamerazine 
or sodium sulfamerazine after induced fow 
typhoid had become established Howevet 
losses stopped on the fifth day of treatment 
5 Salmonelle gallinarum Was isolated 
ind heart cultures of 56.4 
the 


twenty-one 


the fiver 
cent of hicks killed at in 
during days of continu 


and sodium s ilfamerazine 


G) The use of 0.5 per cent sulfamerazine 
in the mash fot 
er cent in turkey poults during a nat 


typhoid 


one week reduced losses 


utbreak of 1 
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THERE ARE a few reports of the occurrence 
of Newcastle disease virus (NDV) in hen 
eggs 


LITERATURE CITED 


Van Roekel’ and Jungherr’ both refer to it 
occurrence in fres} egg* In J 
these were fresh eggs obtained about two 


gherr’s case, 


months after chicks put out by the hatchery 


receiving the de veloped Newcastle disease 
(ND). DeLay’ reported the isolation of NDV 
from the yolk sacs of 6 chicks, 4 duys old, 
which were hatched from eggs collected while 
production was depressed from ND. The virus 
was also obtained from dead embryos in the 


succeeding ‘hatch, the eggs for which were 
collected when the flock was recovering and 
increasing in production. Infertile egys from 
another flock collected prior to, during, and 
following the period of cl I} 
| NDV, but no virus was found in 20 live em 
bryos from the ame set 
workers’ studied the occurrence of NDV for 
thirty-three days following inoculation of 
pullets, 7 months old. Of 250 eggs which were 
cultured, virus was found only in three eggs 
laid on the fifth day after inoculation, in one 
on the sixth, and in two on the seventh. Beau 
dette ef al reported the isolation of NDV 


from three of ten oviduct egg examined 
Thompson and Osteer recovered irus fron 
three of 85 volk samples examined fror i flock 
affected with a natural outbreak of ND. The 
recovere were from eggs laid at the 


ning of the outbreak. Hofstad, na study in 
volving three flocks, found the virus present 


only in eggs laid during the decline in pro 


duction. A total of S37 eggs, collected fron 


three different flocks, as production began ti 


increase from its lowest point, failed to yield 


single positive 


taal Beaudette 


has referred to the ino f a laying 
flock and the recovery of viru rom egg laid 
during the period of systeiiue reaction but not 


after recovery We pres: re lata on that 


case 


Search for Virus in Eggs Laid During Recovery 
Postinoculation with Newcastle Disease Virus 


J. A. BIVINS, D.V.M., BARBARA RHODES MILLER, B.S., 
and F, R. BEAUDETTE, D.V.M. 


New Brunswick, New Jersey 


EXPERIMENTAI 


A hatcheryman whose flock had had ND 
the previous year requested that his replace- 
ment flock be inoculated so that parentally 
immune chicks could be obtained the follow- 
ing spring. Accordingly, a relatively aviru- 
lent strain of NDV\ Mathews-spleen; not 
Roakin-spleen 2, the strain presently used 
was Inoculated into 10-day chicken embryos 
and allantoic fluid collected when the em- 
brvos died, A 2 per cent saline suspension 
of allantoic fluid was prepared and each 
bird was inoculated with 0.2 cc. in the pec- 
toral muscles The birds were housed in 
four different buildings as follows: house 
1, 2,000 Leghorns; house 2, 1,600 Leghorns; 
house }, 200 Rhode Island Reds; house 4, 
100 mixed birds. Birds in houses 1, 2, and 
> were inoculated on Nov 14, 1947: those 
n house 4 on Ne 18, 1947. Production 
records for the two larger houses were kept 
for two and one-half months following inoc- 
lation. Table 1 shows the trend of produc- 
tion 


TABLE |—Trend of Production in Birds Injected with 


Newcastle Disease Virus of Low Virulence 


\ few floor eyys were collected from birds 
in house 4 on the fourth, fifth, and sixth 
days postinoculation. Individual volk sam- 
ples were collected without ntamination 
and inoculated into 10-day chicken embryos 


1 he virus Was re yvered trom none of seven 


eyys collected nthe fourth dav postinocu- 
lation, from four of five egys on the fifth 
day ind not from the only egy collected on 


To study the problem further, 20 eggs 


from a pen which returned to production 


| 
18 
: 
Paper 7 
} 
j N the 
(426) 


NEWCASTLE 


more slowly than the rest of the flock were 


set in an incubator approximately twice 


each week between the twent) 


-seventh and 
seventy-seventh days postinoculation These 
eggs were candled for dead embryos daily 
after the third or fourth days of incuba- 
tion. Table 2 shows the disposition | f these 


TABLE 2—Disposition of Incubated Eggs 


Yolk was saved from each infertile egg, 
as was usually liver) from each 
embrvo which died before twenty-one days 
of incubation. A total of 100 such samples 
was inocu ated into chicken embryos, of 
which 4 were contaminated with bacteria 
These 4 were inoculated on the day of har 
consequentiy, contamination was not 
later. Of the remaining 96, 


tissue 


vest; 


detected until 


DISEASE VIRUS 


virus was not recovered from a single speci 


men 

We cannot but agree with Hofstad® when 
he says, “It is diffi 
transmission 


ult to believe that true 


egy can occur In Newcastle 


diseast 
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Studies in Avian Leucosis. 


An Investigation of 


the Possible Relationship of Sex Hormones to 
Visceral Lymphomatosis 


OLIVE STULL DAVIS, Ph.D., F. N. ANDREWS, Ph.D., and L. P. DOYLE, D.V.M., Ph.D. 


Lafawuette 


IT HAS LONG been known that certain types 
of neoplasms are associated with the genital 
It is likewise known 
ilarly of the 
recent 


and mammary systems 
that hormones, parti some 
estrogens, be In 
evidence has been accumulating sug 


may carcinogent 
years, 
vesting that the endocrine system and cer- 
tain hormones may affect both the develop- 
ment and the regression of some neoplastic 
growths 


In 


his coworkers® 


recent Gardner and 
and Silberberg and Sil- 


relationship 


several papers, 


berberg'' have shown a be- 
tween sex hormones and leucemia in mice 
of leucosis has 
and Rosen,” 
Nelson,? and 


females 


In chickens, the incidence 
reported by Marine 
Burmester and 
Dovle® to be higher 
than in males. Furthermore, the 
of both spontaneo and 
produced avian lymphomatosis was 
by all these to be higher 
trated males than in normal males 
A fuller investigation of the possible rela- 
tionships between sex hormones and avian 


been 
Burmester, ' 
Davis and in 

incidence 
is experimentally 
d 


authors in Cas 


visceral lymphomatosis was undertaken in 
two transmission both of 
which are described here 


experiments, 


SEX HORMONE EXP¢RIMENT 1 


A preliminary Was made in con- 


nection with the 
conducted at this laboratory in 
with ti 


study 
experiment 
1944 to 1945, 


ansmission of 


transmission 


primarily concerned 


visceral lymphomatosis by the use of various 


Ind ana 


affected organs as incu 
described 
Experimental 


Proced 


Barred Plymouth 


ilums, and previously 


Nov 


female 


On 1944, 


chicks 18 


“ure 


tock 


days of age were inoculated with leucotic or- 


gans from field 


lymphomatosis, as pre 


each with liver 


case 
viously 
spleen, heart, kidney, 


visceral 
50 


< of typical 
described, 


ovary, 


and blood, while 130 female chicks of the same 


lot were kept untreate 
At the same 
chicks of the 
viously 
with 
donors 
posite of material 


time, 


lated 
Sarne 
inoculums 


as 


separate 
sion experiment Was 
amount, 5 ¢cc., was 
toneally 
Administration of e 
these femal 


to 200 


on 


Nov 


given O.2 


1 
mg 
diprop! 


late 


and on 

heen 

r-estradio! 
the same 


heer river 


had 
of test 


low 


sterone propor 


ng the inoculati 


with the 
andt 


lyn 


50 each fron 
wen-treated 
doses of 
they hi 


15, and 


ional 
hormone 
received estrogen befor 


after, androgen bef: 
ulat ol 
week after 


monthly liver biop 
birds from each of th 
lated groups These 
thereafter at monthly 
f months, or 
birds 
All 


which 


survived 
birds i 


died during the 


same lot, 
treated with sex hormones, 
lymphomato 
In these chicks 


from 


piver 


iw. each sube 


rate 


ived prev ous 


ntrols. 

additional 
which had pre 
were inocu- 
material from the 
however, a com- 
all of the organs used 
in the transmis- 
used, the same 
Intraperi- 


las 
200 female 


been 


us 


main 
hut 
each bird 
tre and androgens 
initiated 
2k, 
had 
of 
while, 
chicks 
itaneously 
Fol 
"hicks 
Nov. 3 
gen-treated and the 
addi 
Nov 
each 
and 
before 


gens 


s had been 


21, 25, and 


h 
18, 


these chicks 


ibcutaneously 


Von ylin), 
remaining 100 
(perandren) 
of the 


material on 


were given five 


each of the same 
ly on 
1944 


‘ estre 


culatio a series of 


obtained from 3 


om 


were 


Was 
horn treated 


rds 


ntervais 


mocu- 
operated on 
for a period 
ong as the individual 
ne-treated 


the 


groups 


vuurse of exper 


ment were autopsied, and detailed autopsy re 


ords were made r 


experiment in Novemt 


were killed 


oR 


wer 


and examine 


the 
survivors 


the termination of 
1945, all 


id. Tissues were saved 


iit 
| 
at 
the 
hed a athe f et rue 
t i per nt st Thieme 
was ted in part erant 
4 neine. M 
PpPlied throtiah thre rt Houghtio 
und he De tof A 
ette, Ind 
4m 
: 


for microscopic study from all doubtful cases 
which died or were killed. All tissues were fixed 
n Bouin’s fixative, embedded in paraffin, and 
Duplicate slides of each tissue were 
in Harris’s hematoxylin and 
each for comparison in Har- 
and orange G 


sectioned 
stained one each 
phloxine, and one 
ris’s hematoxylir 


Results.—-In_ the hormone-treated 
groups, the following results were obtained : 
Of the 50 chickens which received estrogen 
before inoculation with visceral lymphoma- 
34° died of visceral lymphoma- 
tosis at an average age of 154.9 days (ave. 
136.9 days after inoculation of the 50 
chickens which received estrogen both be- 
fore and after inoculation, 17 (34% ) died 
of the disease at an average age of 152 
days (ave. 134 days after inoculation) ; of 
the 50 which received androgen before in- 
oculation, 18 (36°. died of the disease at 
an average age of 186.1 days (ave. 168.1 
days after inoculation) ; and of the 50 treat- 
ed with androgen both before and after 
inoculation 22 (44°, died of visceral lym- 
phomatosis at an average age of 181 days 
ave. 163 days after inoculation). Thus, of 
the 100 estrogen-treated birds, 34 (34% 
died of visceral lymphomatosis at an aver- 
135.5 days after in- 
100 


sex 


tosis, 17 


age age of 153.5 days 


oculation); of the androgen-treated 


TABLE |—Comparative Incidence 


SrupIES IN AVIAN L&UCOSIS 


of Visceral Lymphomatosis in Chickens Treated with Sex 
hormone-Treated Chickens 


429 


) died of the disease at an 
(uve. 165.8 days 


birds, 40 (40° 
average age of 183.5 days 
- and of the 200 hormone- 
died of the disease 
151.6 days 
In evaluating these re- 
death loss in all four 


after inoculation 
treated birds, 75 837% 
at an average age of 169.6 days 
after inoculation 

sults, a high, early 
groups within the first 


before death 


hormone-treated 


month after inoculation, or 
from visceral lymphomatosis would ordi- 
narily occur even in inoculated chickens, 


must be taken into consideration. These in- 
cluded 16 chicks of the group treated with 
estrogen before inoculation ; 21 in the group 
treated with estrogen both hefore and after 
inoculation; 21 in the group treated with 
androgen before inoculation ; and 10 in the 
group treated with androgen both before 
and after inoculation. The cause of death in 
these cases was pericarditis or peritonitis, 
or both, possibly caused by some contaml- 
nant accidentally introduced with the inocu- 
lum. While early visceral lymphomatosis 
could be detected by histologic study of the 
organs in some of these cases, it is quite 
possible that additional cases might have de- 
later, if the chickens had lived 
which would have altered materially 
percentages given Considering 
the chicks which survived this early 


ve loped 
longer, 
the 
only 


ve, 


Hormones and Non- 


Average 
ai age at 
death (days ir 


= 
" HED : 
a 
| 4 
Days to 
of ‘ 
No. ts of cases 
cera nos | 
lated greu 
175.4 
| 
‘ 
vidney | 
~~ ‘ : | 
“3.0 
\verags 
| “Ge 
and after if at 
All extrog trea te 
Androgen treate bef 1 
at 
nad after at 
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loss from other causes, the percentages of 
death from visceral lymphomatosis would be 
50 per cent in the group of 34 which had re- 
inoculation; 57.9 


had re- 


ceived estrogen before 
per cent in the group of 29 which 
ceived estrogen both before and after in- 
oculation; 62 per cent in the group of 29 
which had received androgen before inocu- 
lation; and 55 per cent in the group of 10 
chicks which had androgen both 
before and after These data 
are compared with the results obtained in 
the main transmission experiment in table 
1. Probably the average age at death in 
cases of visceral lymphomatosis in the vari 
was consider- 


recely ed 


inoculation 


ous groups is significant. It 
ably lower in the estrogen treated than in 
the androgen-treated and, in all 
groups, it Was not 


groups 
hormone-treated only 


lower ontrols but 


than in 
than in nonhormone 
The data collect 


experiment 


considerably 
also slightly 
treated inoculated birds 
hormone 


lower 
second sex 


ed in the 
described below, where the results were 
uncomplicated by any appreciable number 
of deaths than leuco 
should be 
Meanwhile, only 9 cases of 
matosis appeared among all hormone-trea 
ed birds in this experiment. Two of these 
were in the yroup 
before inoculation with visceral lymphoma 
cent in that 
yroup 
ilation, 


were 


from causes other 
more definitive 
neurolympho 


treated with estrogen 


tosis, an incidence of 4 pet 


group; 5 of the cases were in the 
undrogen before ino 
10 per cent; and 


with 


treated with 


an incidence ot 2 
the group treated 
fore and after inoculation, an 
1 per cent Thus, the 
neurolymphomatosis among 


androgen both be 


treated birds was 2 per cent; 


androgen-treated birds, 
among all hormone-treate d 
cent: so that the incidence 


than that o 


in any group 
among the controls, Similarly 

of granuloblastosis appeared among 
both 


estrogen treated birds vere 


gro i} 
lation, 


recelving estrogen 
making an i 
group lam 
ed birds (in the 
only before ino 
2 per cent among 
per cent among andro 
15 per among 
birds. Thus, this form 


cent 
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increased in any group over the incidence 
of 5.4 per cent found in the controls. In 
addition, 1 visceral lympho- 
matosis and irred in 
the group which before 
inoculation. No cases of osteopetrosis OT 
appeared in any hor- 
Here again, the early 
urrent in all 
ist be taken into 


CASE f mixed 
granuloblastosis 


received estrogen 


of erythroblastosis 
mone-treated group 
death loss inter 


hormone-treated groups nm 


from disease 


‘consideration in an interpretation of these 


data 
The results « 
chickens in 


leled 


operations on 


this x n ciosely paral- 


those deseri detail previously.* 


Sex HORMONE EXPERIMENT 2 


A second and more complete study of the 
possible relationshiy hormones to the 
visceral mphomat was 


1945 Spec i fic ally 


incidence ot 
undertaken in Novemb 
an attempt was made to obtain further data 

} 


incidence © 0 spontaneous an 


on the 
transmitted aviat lymphomatosis 
in males, females, and capons, and the effect 
the injection of estrogens and androgens 
on both spontaneous and ansmit VIs- 
A 

n the 


ransmission 


In the 
and increasing ntayge of takes, 
serial passage ised as inocu 
lum in the 
of field material ; in transmis- 


attem} ssion, instead 


sion work 
Suc ve |i biopsy operations on a 


representati chickens, and serial 


passage trom ansmission experl- 


ment were 


liver; 
h lymph 
ontrois: S0 ca 
Vinphomatous 

doses of 


ive doses 


s of 


doses 


‘ 
‘ 
ence OL 
trogen led in the study 
1} 
Proc e.—The following 14 
er cent; and gre a i were elude in the main 
birds, 4.9 pet tis mn experiment rmal female 
is no greats controls; 45 n il male control 5 normal 
per cent femal noculated with lympl 
45 normal mal culated w 
all the tous liver; 80 caponized male 
in the por ated wit! 
vi 15 female nirected wit? 
fore ino 
estroge 15 fema ected w 
at in that 
he androgen-treat we wit ten 
ecelving androgen — estrogen; 45 femal ected with ten = 
an aence f est { afte ulation) 
n-treated birds, l ana ! ate pe liver: 45 
treated rds " female nject vith five dose of androgen; 
} rmone-treate ad 
if leucosis was not 
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45 females injected with five doses of andro- tion The chicks were injected intraperi- Ling 
gen and inoculated with lymphomatous liver; toneally with 3 cc. each of this material. ae 
45 females injected with ter doses of andro- All chickens which died were autopsied. Sam- ie 4 
gen; and 45 fe males injected with ten doses ples of liver, spleen, heart, and kidney, as well ay 
of androgen (5 before and 5 after inoculation) as ovary in the case of females, of all doubtful ieee 
and inoculated with lymphomatous liver cases were preserved for histologic study. All is, 
The chicks used in the experiment were = tissues saved were preserved in Bouin's fixa- es 
Barred Plymouth Rocks hatched on Nov. 12, tive, embedded in paraffin, sect oned, and es 
1945. The chicks were sexed before they were stained with Harris's hematoxylin and phlox- es 
used, but because of the percentage of error ine Tissues from 87 chickens were preserved tao 
in sexing, a few males were included in the in this way and studied histologically yea 
lots of hormone-it jected females.** On Jan. 22 to 25, 1946, a series of bimonthly way 
On Nov. 14, 1945, when the c! cks were 2. liver biopsy operations Was initiated on & ie 
days old, the injection f estrogens and andro- = group of 160 chicks, including 10 from each ais 
gens was begun On November 14, 17, 21, eontrol and inoculated group, excepting the j 
24, and 28, 200 of the fen ale chicks were each two caponized groups, and 20 from each of a 
given 0.2 mg of estradiol dipropionate sub them These operations were continued, at oe 
cutaneously, while on the same dates 200 other approximately e ght-week intervals, on these mes 
female chicks were given similar doses of testo 160 chicks throughout the course of the experi- a 
sterone propionate After the inoculation of ment. or until the deaths of the chickens. Six FS 
one half of each of these groups with lympho series of operations were performed during the : 
matous material on November 29, treatment year’s experiment, or & total of 499 biopsy ¥ 
of one half of each of these groups was co! operations Liver samples collected in this 
tinued, so that one half of those which had way were preserved Bouin's fixative, em 
previously received estroge! each were given bedded in pat fin. sectioned, and stained with 
additional 0.2-mg,. doses of estrogen Dex Harris's hematox)s lin and phioxine 4 
1, 5, 8, 12, and 15 1945. while one half of thos« On April 18, 1946, 50 Barred Plymouth Rock 
which had prev ously eceived androgen were chicks. 16 days old, were inoculated intra 4 
given additional 0.2-mgr. doses of androgen ot neritoneally wit! ec. each of a trituration of 
the same dates lymphomatous liver it normal saline solution 4 
Meanwhile hetween Nov 15 and 24, 1045 The donor was a typical case of visceral : 
when the chicks were from 3 to 12 days « f age, Ivmphomatosis occurring among the caponized 
400 male chicks of the same lot were capon- inoculated males of the main transmission z 
ized experiment Grossly. this bird showed 
Before inoculation with lymphomatous mate edly tumor liver and kidneys and, micro = 
rial on November 29, the chickens of all lots copicall it howed marked lymphoblastic B 
were culled, leaving 45 chicks in each lot infiltration of the ver pleen, heart, and kid 
excepting the caponized lots, Im which 80 ney Fifty eo) of the same age and lot 4 
chicks each were included to allow for a pos were kept ntreated as ct ntrole for this serial | a 
sible high percentage of slips passage group noculated chick of this 
On Nov. 29, 1945, 350 chicks including one group represented a fifth serial passage from 
half of the caponized chicks and one half of the original field case used as a donor in trans } 
the hormone-treated chicks of each group, 45 mi on exper ent 2, in 1944 te 1945, and, as 
well as normal males and nm rmal females (1! the nor was taken from the main transmis 
accordance with the plar outlined above) sion experiment of transmission experime nt 3 : 
were inoculated with lymphomatous liver. The and thus represent serial passage 4 A of the | 
donor was a typical case of visceral lympho 1944 to 1945 experiment thi« serial passage 
matosis chosen tron umong the inoculated group may le designated serial passagé A 
birds of serial passage 3 of the exper ment of Retween Dec. 13, 1946, and Jan. 24 1947, all 
the previous year (Thus, this entire trans survivor hoth controls and inoculated birds, 
mission experiment represents @ seco! i serial from the main transmission experiment were ae 
passage 4 from transm ssion experiment © killed and examined On Jan. 24, 1947, all = 
1944 to 1945, and may be designated as survivors of the serial passage groups were “eS 
serial passage 4 A l serial passage series f killed and examined a 
1944 to 1945.) This bird showed marked en a 
largement of the liver and spleen, and micro RESULTS oe 
scopically showed n arked lymphoblastic 1 fil Results of Transmission. Of the 342 ue 
tration of the liver, spleen, heart, and kid- birds inoculated with lymph sabte tes ea 
triturated in. sterile physiologic saline solu which eventually came to autopsy before the if 
end of the experiment, 251 67.5°.) de- at 
ng the incidence of visceral ph ' i veloped viscera lymphomatosis. Of the 323 ne 
~ erninm® eontrol birds which eventually came t 
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autopsy, 60 (18.6%) developed the disease 
Thus, the incidence was increased from a 
spontaneous incidence of 18.6 to 67.5 per 
cent, or more than three times as much in 
inoculated birds 

During the same period, 14 cases of neu- 
rolymphomatosis (4.1°) appeared among 
the 342 inoculated birds, as compared with 


223 cases (7.1%) among the 323 control 
birds Three cases of granuloblastosis 
(0.9%) occurred among the inoculated 
birds, as compared with 4 cases 1.2%) 
among the controls. One bird among the 
caponized controls, a slip, showed both 
granuloblastosis and iritis, and thus has 


been included both among the birds show- 
ing neurolymphomatosis and among the 
birds showing granuloblastosis, and the cor- 
responsing percentages are 80 figured. No 
cases of osteopetrosis or erythroblastosis 
appeared in either the inoculated or control 
groups. 

Thus, in this third transmission experi- 
ment, as in the previous two (transmission 
experiment 1, 1943 to 1944, and transmis- 
sion experiment 2, 1944 to 1945°.°), no 
type of avian leucosis other than visceral 
lymphomatosis was increased in the inocu- 
lated birds as compared with the control 
birds, suggesting that visceral lymphoma- 


tosis was again transmitted ‘for the third 
time) as a separate entity distinct from 
other lymphomatous forms of leucosis (neu 
rolymphomatosis and osteopetrosis) and 


from the myelogenous forms of leucosis 
(erythroblastosis and granuloblastosis 
The average age at death of visceral lym 
phomatosis among inoculated birds was 
163.5 days (146.5 days after inoculation 
23 at death 


as compared with 235 days of age 


among spontaneous cases of visceral lym- 
phomatosis among control birds. In cases 
of neurolymphomatosis among the inocu- 
lated birds, the average age at death was 


164.8 days (157.8 after inoculation 
as compared with an average age at death 
of 206.5 days of cases of neurolymphoma- 
tosis among control birds. In cases of gran 
uloblastosis among inoculated birds, the 
average age at death was 151 days (114 
days after inoculation) as compared with 
an ayerage age at death of 273 days among 
control cases of granuloblastosis. The mixed 
case showing both neurolymphomatosis and 
granuloblastosis died at 420 days of age 
Thus, the average age at death of cases of 
all types of avian leucosis was considerably 


days 
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lower among inoculated birds than among 


control birds. In the case of visceral lym- 
phomatosis, the average difference (71.5 
days) is highly significant. However, in 


granuloblastosis, and possibly 


neurolymphomatosis, 


the case of 
also in the 
the number of cases is so small in both in- 
oculated and control groups that these aver- 


case ot 


ages have no statistical significance 
Results Involvi Hormone Relation- 
ships.—In a comparison of the incidence of 


ng Se 
both spontaneous and transmitted visceral 
lymphomatosis in females, 
and slips, the following results were ob- 
tained: Of 47 inoculated normal females, 
82 (68°) showed visceral lymphomatosis, 
as compared with 12 cases ( 30‘ among 
40 control females; of 43 inoculated normal 
males, 27 (62.8° ) showed visceral lympho- 
matosis, as compared with 4 cases (9.1% 

among 44 control males; of 65 inoculated 
capons, 42 (64.6°) showed visceral lympho- 
matosis, as compared with 7 cases (14°, 

among 50 control capons; while of 13 inocu- 
lated slips (a bird was considered a slip if 
the 
showed visceral lympho- 


males, capons, 


showed regeneration of 


69.2 


autopsy any 
testis), 9 
matosis, as compared with 2 cases (8.7‘ 


among 23 control] slips. If capons and slips 
51 cases of visceral 


amony 78 


are considered together, 


lymphomatosis occurred inocu- 


lated birds 65 while control capons 
and slips together showed 9 cases among 
73 controls (12.3¢.). If slips and normal 


males are considered together, 56 inoculated 


birds showed 36 cases of visceral lymphoma- 


tosis (64.3 . while 6 cases 8.9 % ap 
peared among 67 control slips and normal 
males. Thus, in inoculated birds, the inci- 
dence of visceral lymphomatosis was 69.2 


normal 
65.4 per cent in capons and slips 


per cent In slips, 68.0 per cent In 


females, 


combined, 64.6 per cent in capons alone, 
64.8 per cent in males and sl ps combined, 
and 62.8 per cent in normal males. In con 


trels, the spontaneous incidence of visceral 
Ivmphomatosis was 30 per cent in females 
14 per capons, 12.3 per 
capons and slips combined, 9.1 per cent in 
normal males, 8.9 per cent in normal males 


mbined, and 8.7 per cent In slips 


cent in 


to 


cent in 


alone 

In the hormone reated gre ps, the fo 
lowing result vere tuined: OF the 38 
female vhiel rece é estroge! vefore 
inoculation wit! sceral mphomatosis. 26 


‘ r Res 
; 
a 68.4%) died of visceral lymphomatosis at 


an average age of 168.8 days (151.8 days 
after inoculation) ; of the 41 females which 
received estrogen both before and after 
inoculation, 27 (65.8' died of visceral 
lymphomatosis at an average age ot 163.8 
days (ave. 146.3 days after inoculation } ; 
of the 39 females which received androgen 
before inoculation with visceral lymphoma- 
tosis, 28 (71.8' died of visceral lympho- 
matosis at an average age of 167.8 days 
150.8 days after inoculation); and of the 
88 females which received androgen both 
before and after inoculation, 24 (63.1% 
died of viscera] lymphomatosis at an aver- 
age age of 140.0 days 23.0 days after 
inoculation Thus, of all estrogen-treated 
and inoculated females, 67 per cent died 
of visceral lymphomatosis at an average 
ave of 165.9 days ‘ave. 148.9 days after 
inoculation) ; while, of all androgen-treated 
and inoculated females, 67.5 per cent died 
of visceral lyvmphomatosis at an average 
age of 155.0 days ‘ave. 138.0 days after 
inoculation 

Among the hormone-treated controls, the 
following res ilts were obtained: Of the 36 


females which received five doses of estro 
gen, 8 (22 2° died of visceral lympho- 
matosis at an average age of 178 days; of 
the 37 females which received ten doses of 
estrogen, * 21.6% died of visceral 


lymphomatosis at an average age of 228 5 
days; of the 35 females w hich received five 
doses of androgen, 4 (11.4' died of vis 
ceral lymphomatosis at an average of 267.0 
days of age; and of the 36 females which 
received ten doses of androgen, 1] 21.9° 
died of the disease at an average age 0! 
265.2 davs. Thus, of all 73 estrogen-treated 
control birds, 21.9 per cent died of visceral 
lymphomatosis at an average age of 205.2 
days; while, of the 71 androgen-treated 
control birds, 19.5 per cent died of the 
disease at an average age of 281.4 days 
These results are summarized in table 2 
Meanwhile, several cases of other forms 
of avian leucosis appeared among the hor 
mone-treated groups. A total of 6 cases of 
neurolymphomatosis occurred among the 
hormone-treated inoculated groups, which 
were distributed as follows: One case 
2 4%) of neurolymphomatosis in the group 
yiven estrogen only before inoculation died 
at 74 davs of age; 2 cases (4.4%) among 
the birds given estrogen both before and 
after inoculation died at an average age 


of 232.5 days; 1 case (2.3%) among the 


Sticpigs IN AVIAN Leucosis. V 43838 


birds treated with androgen only before 
inoculation died at 119 days of age; and 2 
cases (4.6' treated with androgen both 
before and after inoculation died at an 
average age of 99 days. Two cases of myelo- 
genous leucosis, both granuloblastic, ap- 
peared among the hormone-treated and 
inoculated groups. One of these (2.2% ) 
oceurred in the group of birds receiving 
estrogen both before and after inoculation 
with visceral lymphomatosis and died at 
141 days of age; the other (2.5%. ) oc urred 
in the group which received androgen both 
before and after inoculation with visceral 
lymphomatosis and died at 214 days of 
age. A total of 8 cases of neurolymphoma- 
tosis appeared among the hormone treated 
control birds, which were distributed as 
follows: Two cases (4.9%) appeared in the 
group receiving five doses of estrogen, and 


‘ 


these died at an average age of 159 days; 
2 cases (5.0 appeared among the birds 
which received ten doses of estrogen, and 
these died at an average age of 185 days; 
and 4 cases (9.3! occurred in the group 
which received five doses of androgen, and 
these died at an averaye aye of 174.5 days 
Three cases of myelogenous leucosis, all 
granuloblastic in type, appeared in the hor- 
mone-treated control groups as follows 
One case 2.3 occurred in the group 
which received five doses of estrogen and 
died at 150 days of age; and 2 cases (4.8°, 
in the group which received androgen both 
before and after inoculation died at an 
average age of 261 days Thus, among the 
hormone-treated birds, as among the other 
groups in the transmission experiment, no 
type of leucosis other than the visceral 
lymphomatosis which was inoculated was 
increased in the inoculated groups as com 
pared with the control group 

Resulta of Liver Biops y Ope rations 
Histologic findings in the liver biopsy 
studies undertaken as a part of this exper! 
ment are closely similar to those obtained 
in previously reported experiments.‘ 

Results of Serial Passage In the serial 
passage groups, in the 45 inoculated 
chickens which could be accounted for at 
the end of the experiment, 20 (44.4% ) died 
of visceral |lymphomatosis at an average 
age of 202.3 days, (186.5 days after inocu- 
lation) ; and 4 (&.8 died of neurolympho- 
matosis at an average age of 192 days (176 
days after inoculation with visceral lympho 
matosis). Of the 45 controls, 3 (6.6% ) died 
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at an average age of 24% days, while none 
died of neurolymphomatosis; and 2 (4.4% ) 
died of granuloblastosis at an average age 
of 238.5 days. Thus, the incidence of vis- 
ceral lymphomatosis was increased from 
6.6 per cent in the control group to 44.4 
per cent in the inoculated group, or more 
than six times as much in the inoculated 
group. The 8.8 per cent of neurolymphoma- 
tosis found in the inoculated group as com- 
pared with none in the control group is well 
within the average incidence which might 
be expected to occur spontaneously in com- 
parable groups of chickens, and probably 
does not represent an increase resulting 


from the inoculation of lymphomatous ma- 
terial from a case of visceral lymphoma 
tosis. 

As compared with the results of the main 
transmission experiment, these results show 


serial 
which 
repre- 


this 
one 


a markedly greater increase in 
passage than in the previous 
the main transmission experiment 
sents. 
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Histologic Results Tissues from 99 
chickens, both inoculated and control birds, 
were prepared for microscopic study and 
examined. Of these, 87 were from the main 
transmission experiment, and 12 were from 
the serial passage groups. Fifty-eight of 
these birds, including 54 from the main 
experiment and 4 from the serial passage 
groups, were found to show visceral 
lymphomatosis; 8, including 7 from the 
main experiment and 1 from the serial 
passage groups, showed granuloblastosis; 
2, both from the main experiment, showed 
neurolymphomatosis; and 31, including 24 
from the main experiment and 7 from the 
serial passage groups, were negative for all 
forms of leucosis 

Of the 48 positive cases of visceral lym- 
phomatosis from which liver tissues were 
studied, 43 (89.5° showed lesions in the 
liver; of the 45 hearts from positive cases 
which were examined, 38 (84.3°) showed 
lymphomatous lesions; of the 44 kidneys 
from positive cases which were examined, 


TABLE 2—Incidence of Spontaneous and Transmitted Visceral Lymphomatosis in Sex Hormone-Treated and Non 
hormone-Treated Groups of Chickens 


Percentage Average Days to 
le veloping age at death after 
cera leat thin athor 
Nex Treatment N f bird phe 
‘ nire er I 
Female Cont 10 
iy Contre 3 04 
Females Inoculated ! 0 171.4 154.4 
Male iy ted 62s 141 
Slips ed ] 183.7 
Hormone-treated*® control grou 
Toma troge treat ’ 
Ferma loses of androger 
be alee \ sndrog tre 
e-treate ilated? zg 
hefer 
before, 5 afte noecula 
5 
Fema All estrogen treated ‘ 
ale lowe f androgen* 147.8 “os 
Caponized twee f age 
Ir lated a f as with ec en aperit eallv of a trit atior phomat ver 
ex hor ne we 7 aly pionate and testosteror propionate Ctha sAminiaters 
subcutane dione f rig. ir esame 4 
*T were elver t and 16 da of age 
were given at 12. 16, 19. 23. 36, and la of age 
| 


showed lymphomatous lesions; 
examined, 54 
and 


of the 45 spleens 

75.5 showed lymphomatous lesions ; 
of the 15 ovaries from positive cases which 
were examined, 11 (73.3%) lym- 
phomatosis; and the tumorous vas deferens 


positive 


show ed 


from 1 positive case which was examined 
microscopically was lymphomatous. the 
cases of granuloblastosis studied histologi- 


cally. seven of the seven livers examined 
and two of the two ovaries examined (100° 

n eact ase showed gran iloblastic lesions; 
t did four of the. five kidnevs BUS, 


ir hearts io and three 
of.the five spleens (60° 


SUMMARY AND CONCLUSIONS EXPERIMENT 1 


1) The incidence of visceral lymphoma 


tosis was 16.2 per cent in untreated con 
trols, and 45 r cent in all greups imocu 
lated t | mphomatosis but not 
luted t no and vari 
ou re ‘ x hot re the 
f \ eral pl matosis was 50 
pel ps cl Ke reated wit! 
estroge! for ! tion and 57.9 pe 
cent in chickens treated with estrogen bott 
before and after inoculation, 62 per cent it 
the ip treated with androgen before i 
oc on, and 55 per cent in the group 
treated th androgen both before and afte 


inoculation. However, because of high early 


eatl t from other causes in all these 
1 ps t ! nce ¢ these percentag' 
isu t 
2) TI bation period for visceral 
the rr? rhe 
treat i ent nortened 
5 we 242 da 
it t i ited Cases 
a rm n 
treats ! bet ‘ tio 
lo2 ! es treated th estrog 
t re ina ifter rien in? 186.1 
ses treated roger 
fore a 18] n 
‘ ‘ ! ndrogen both before and after 
! Thus, cases in all hormone- 
treate we ips died sooner than the nor 
hormone-treated Cases The difference be 
twee re indroget treated and the 
nonhormone treated groups is negligible, 
but tne ases in estrogen-treated groups 
died considerably sooner on the average 
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than those in either androgen-treated o 
nonhormone-treated groups 


SUMMARY AND CONCLUSIONS EXPERIMENT 2 


1) The incidence of visceral lymphoma 
tosis was increased by inoculation with 
lymphomatous liver from an average !ncl- 
dence of 18.5 per cent in the control groups 
to an average incidence of 67.5 per cent, or 
more than three times as much in the inocu- 
lated groups. The tissue Was 
taken from a serial passage case of visceral 
lymphomatosis from the previous transmis- 
sion experiment 
2) Visceral lymphomatosis was transmit- 
ted for the third time, apparently as a 
separate entity distinct from all other forms 
including neurolympho 


inoculating 


of avian leucosis, 
matosis 
3) The 
lymphomatosis 
by inoculation 


period for visceral 
apparently shortened 
with lymphomatous live 
from an of 235 days at death in 
of visceral lymphomatosis from all 
control groups to an average of 163.5 days 
at death in cases of visceral lymphomatosis 


incubation 
Was 


average 


cases 


The average age 
and 


in all inoculated groups 
at death from neurolymphomatosis 
yranuloblastosis lower in 
lated cases than 
ing that inoculation of visceral lymphoma 
yenerally the 
the chickens inoculated even when clinical 
lymphomatosis did not 


was also inocu 


in control cases, suggest 


tosis lowered resistance of 


cases of visceral 
develop 
4) Amony inoculated birds, the incidence 


of visceral lymphomatosis in females was 
68.0 per cent; in normal males, 62.5 per 
cent; in capons, 64.6 per cent; in slips, 69 


per cent; in capons and slips together, 65.4 
per cent; and in males and slips together, 
64.3 per cent. Among control birds, the 
incidence of visceral lympho 
females 


males, 9.1 per cent; in cupons, 


spontaneous 
was 50 per cent; in 
14 per cent; 
per cent; 
Thus, 

the 

was 


matosis in 


in capons and slips together, 12 
and in males and slips, 8.9 per cent 


in both inoculated and control bird 
lymphomatosis 


than in 


visceral 


and 


incidence of 
higher in 
normal males 

5 In the 


females capons 


hormone-treated inoculated 


groups, 68.4 per cent of the females which 
received estrogen before inoculation with 
lymphomatous liver, 65.8 per cent of the 


females which received both be- 


fore and after inoculation, 71.8 per cent of 


estrogen 


| 
= 

- 

| 

34 (77.3 

iit 
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the females w hich received androgen before 
inoculation, and 63.1 per cent ol the females 
which received androgen hoth before and 
after inoculation died of visceral lymphoma- 
tosis. In the hormone-treated control 
groups, 22.2 per cent of the females which 
received the smaller amount of estrogen, 
21.6 per cent of the females which received 


the larger amount of estrogen, 11-4 per 
cent of the females which received the 
smaller amount 0! androgen, and 30.6 per 
cent of the females which received the 


larger amount ef androgen died of visceral 
ly mphomatosis. 

6) Of birds which died of visceral lym- 
phomatosis, those in all inoculated groups, 
including all hormone-treated groups, died 
at an earlier average age than cases In com- 
parable control groups. 

7) Differences between inoculated groups 
in the incidence of visceral lymphomatosis 
are slight, possibly because the use of serial 
passage material as ino ulum produced an 
over-all incidence 80 high as to obscure 
differences which might have been more 
apparent with the use of less virulent mate- 
rial. Between control groups, the differences 


are greater, but the unusually high incl- 
dence of visceral lymphomatosis among 
normal females (45 compared with spon- 


taneous incidence, and the differences be- 
tween males and females in previous experi- 


ments) makes the interpretation of the 
results of hormone treatment diffcult. Ap- 
parently, both caponization and treatment 


regardless of whether 
were used, in- 
susceptibility o1 
Such 


with sex hormones, 
estrogens or androgens 
creased, at least slightly, 
chickens to visceral jymphomatosis. 
increased susceptibility would appear to be 
a matter ot hormonal imbalance rather 
than a specific effect of a lack or excess of 
either estrogen OF androgen. 

8) In the serial passage groups, 44.4 per 
of inoculated birds died of visceral 
average 2 


cent 
lymphomatosis at an 


age of 


DAVIS—ANDREWS DOYLE 


am. J. Ver. Res 


of the cont rols 


age of 


6.6 per cent 


disease at an 


days, while 
died of the average 
243 days, or the incidence In the inoculated 
than six times 45 great as 
As compared with the pre- 
in this case, the main 
this serial pass- 
a much greater incidence than 
increase of 600 per 
increase of 300 


birds was more 
in the controls 
vious serial passage 
transmission eX veriment 
age shows 
the previous one, or apn 
with an 
age at 


cent as compared 
per The average death of 
cases of visceral lymphomatos!s in this 
serial passage, however, Was slightly higher 
than that the previous serial 


passage 


cent. 


of cases in 


9) Of all tissues from cases of visceral 
lymphomatosis which were examined his- 
tologically, 89.5 per ¢ ent of the livers, 84.3 
per cent of the hearts, 77.3 per cent of the 
kidneys, 75.5 per cent of the spleens, and 
73.3 per cent of the ovaries showed lympho- 


matous lesions. 
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Reinfection of Chickens Vaccinated by the Intranasal Method 
with Live Bl Newcastle Disease Virus 


E. R. DOLL, M.A., D.V.M., M. ELIZABETH WALLACE, B.S., M.S., 
and WILLIAM H. McCOLLUM, B.S., M.S. 


Lexington, Kentucky 


THE B1 STRAIN of Newcastle disease virus 

NDV) was introduced by Hitchner and 
Johnson' and was reported to be of such 
sufficiently low virulence that it could be 
employed by intranasal instillation (IN) 
for immunization of day-old chicks hatched 
from susceptible hens. In the course of our 
studies toward determining the nature and 
quality of immunity obtained from the Bl 
strains of NDV, it was observed that the 
hemagylutination-inhibition (HI) response 
resulting from intranasal inoculation of 
chickens with this virus was of short dura- 
tion.2 Also, chickens that had lost most 
or all of their demonstrable HI antibody 
often showed mild symptoms of respiratory 
infection following intranasal intra- 
tracheal challenge with virulent NDV. The 
same chickens, when subjected to periodic 
HI testing, showed a characteristic anam- 
nestic response? * a reaction observed by 
Srandly et and Hanson ef This in- 
vestigation was undertaken to obtain infor- 
mation on the nature of the anamnestic re- 
sponse and to determine if it resulted from 
an active reinfection with NDV. Also, in- 
formation was sought for characterization 
of the apparent reinfection and the nature 
and quality of immunity resulting from in- 
tranasal vaccination with the B1 strain of 
NDV. 


MATERIALS METHODS 


The chickens used in this study, standard- 
bred New Hampshire Reds, were hatched from 
susceptible hens. They reared in 
trically heated brooders and fed a commercial 
baby chick starting mash. When 3% weeks old, 
the chicks intranasally with 


were elec- 


were inoculated 


undiluted amnioallan- 
seventy-sixth embryo 
were 5 weeks old, the 
chickens were transferred to growing bat- 
teries and were maintained in isolation until 
they were 9 weeks old. At this age, one group 
of 19 chickens was injected intramuscularly 
with 0.1 ec. of formalin-killed GB* strain of 
NDV, and a second group of 19 chickens re- 
ceived 0.1 cc. of formalin-killed GB strain of 
NDV intranasally. Before inactivation, the 
virus had an embryo infectivity titer of 10° 
lethal dose. (1.d..) per 0.05 ce. For the live 
virus challenge at 11 weeks of age, a group 
of 15 chickens was exposed by IN with 10° 
embryo Ld. of the GB virus. Another group 
of 14 chickens was exposed by direct contact 
(DC) with those inoculated intranasally, and a 
third group of 20 chickens was subjected to 
airborne contact (AC) exposure by placing 
them in separate sections of the growing bat- 
tery. The dispersal and identification of the 
chickens employed for the live virus challenge 
are shown in fig. 1 


0.05 cc. of BI NDV, 
toic fluid from the 
passage. When they 


Fig. |—Dispersal in growing battery of chickens em- 
ployed for reinfection experiment. 


3 DC 3 IN 2 DC 


7AC 


3 IN 3 pc 6 AC 


IN 10° embryo I.d.. GB virus intranasally. 
DC <direct contact exposure. 
AC =airborne contact exposure. 
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Blood samples for preéxposure HI titers 
were obtained three days before administra- 
tion of the killed NDV and two weeks before 
reéxposure to the living NDV Following 
reéxposure, blood samples for HI tests were 
obtained on the fourth, fifth, sixth, seventh, 
eighth, and tenth days after inoculation, 

The HI test employed twofold serial dilu- 
tions of: fresh serum in 0.25-cc. quantity, 10 
hemagglutination units of NDV strain Ky-127 
contained in 0.25 ce. of physi logic saline, and 
0.5 ce. of 0.5 per cent chicken red cells. The 
serum-virus mixture was incubated ten min 
utes at room temperature. Agglutination pat 
terns were read at forty-five minutes, using 
complete inhibition of agglutination as the 
end point 

[solations of NDV from the chickens sub 
jected to live virus challenge exposure were 
made from tracheal fluids obtained with cot 
ton swabs on 10-in. lengths of 16-gauge alumi 
num wire. The swabs were inserted into the 
trachea to a point near the bifurcation of the 
bronchi and removed slowly while rotating 
the wire between the index finger and thumt 
A separate swab was used for each chicken. 
The swabs from each group of chickens wet 
washed in 25 ce. of saline containing 5.000 
units per cubic centimeter each of penicillin 
and streptomycin. This mixture was allowed 
to stand at room temperature for two hours 
before inoculation into the allantoic cavity of 
embryonated chicken eggs, using 0.5 ce. of in 
oculum for each embryo The ayes of the 
embryos were 10, 11, and 12 days for swabs 
made on three successive days 


IMMUNIZATION AND CHALLENGE EXPOSURE 


Following intranasal inoculation with the 
B1 strain of NDV at 3 weeks of age, all of the 
chickens developed significant HI antibody 
with titers ranging from 1 : 80 to 1 : 640, indi 
cating that active infection and an immuniz 
ing reaction had occurred. Six weeks later, the 
Hl titers of the chickens varied from less than 
1:10 to 1:80 Average HI titers of the 
prechallenge samples from the different groups 
of chickens are shown in table 1 


TABLE |!—Hemagglutination-inhibition Response Resulting from Challenge Exposure witr GB Virus 


halle G 


McCoLLuM 


For the group of 
ec. of formalin-kil 
nasally, there was a 
HI] titer throughout 
ning on the fourtl 
tenth day after in 
in average titer did 
ference, which is w 
tion for the testing 


ed 


1m J. Ver. Ras 


19 chickens receiving 0.1 
GB strain of NDV intra- 
slight increase in average 
the bleeding period, begin- 
day and ending on the 
oculation This increase 
not xceed a twofold dif- 
ithin the limits of varia- 
procedure. The group of 


19 chickens receiving 0.1 cc. of formalin-killed 


GB strain of NDV 


intramuscularly showed a 


gradual increase in average HI titer through 


out the bleeding per 
ten days following i 
was sixfold higher t 


iod The average titer at 
ection of the killed virus 
han that obtained for the 


prechallenge samples 


The average HI t 


ter of 15 chickens receiv- 


ing intranasal inoculation of 10° embryo 1.d. 


of living GB strain « 
days following 
lenge bleeding. Int 
titers began on the 
rapid increase typi 


sponse on the xt! 


if NDV was lower at four 


yssure than for the prec hal- 


his group, ascension of HE 
fifth day ar 
al of the anamnestic re- 
and seventh days Sig- 


nificant increase in the average HI titer of 14 


chickens, group D¢ 
with the 


e imoculat 


on the sixth day. This 


increase in the avers 
and eighth day r 
exposed in separate 
tery did not show ar 
unt 


was still rising a 


exposed by direct contact 
ed intranasally, occurred 
was followed by a rapid 
ize HI titer on the seventh 
wenty chickens, group AC, 
compartments of the bat- 


increase In average titer 


il the seventh day, and the average titer 
t the tenth day following ex 


posure The HI response of the different 


groups is summarized 


At ten days atte 
chickens inoculated 
virus had HI titers 
erum dilution t 
exposed by direct 
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sure. At thirteen days, however, 16 chickens 
had HI titers of 1:640 or 1:1,280 and 4 
chickens showed no inhibition of agglutination 
at the 1 : 10 serum dilution. 

On the third day following exposure, tracheal 
swabs were made on the IN group. This mate- 
rial was prepared for chicken embryo inocu- 
lation as outlined above. Newcastle disease 
virus was obtained from the swabs in sufficient 
quantity to cause death of 30, 10-day-old em- 
bryos within thirty-six hours. The presence of 
NDV in the allantoic fluid from each embryo 
was confirmed by the hemagglutination test. 
On the fourth day following exposure, tracheal 
swabs were made on the DC and AC groups. 
Inoculum for each group prepared from these 
swabs was injected into 30, 11-day embryos 
and caused death of all embryos within forty 
hours. The hemagglutination test showed 
NDV to be present.in the allantoic fluid of all 
embryos. Tracheal swabs made from the AC 
group on the fifth day following exposure gave 
similar results, causing death of 30, 12-day 
embryos within forty hours. 


DISCUSSION 


The results obtained in this study indi 
cate that the anamnestic response resulting 
from intranasal challenge exposure of 
chickens previously vaccinated” intra 
nasally with the BI strain of NDV may 
be regarded as evidence of active rein 
fection Vaccinated chickens receiving 
IN instillation of killed NDV_ showed 
no rise in HI titers. Vaccinated chickens 
receiving intramuscular injection of killed 
NDV showed only a slight increase in HI 
titer, as compa.ed to the response obtained 
in similar chickens following three methods 
of exposure to living NDV. The increase 
in HI titers appeared sooner in the IN 
group than in the DC and AC groups. This 
variation may have resulted from difference 
in the amount of NDV available to initiate 
the infection. Also, it is probable that the 
chickens of the DC and AC groups acquired 
infection at succeeding periods of time 
after the intranasal challenge inoculations 
were made. This was evident by failure to 
obtain serolovic evidence of reinfection of 
9 chickens in the AC group ten days after 
inoculation of the IN group. The increase 
of HI titers in the DC and AC groups in- 
dicated that the amount of virus available 
by direct contact and airborne contact ex 
posure was sufficient to initiate reinfection 
of the chickens previously vaccinated with 
the Bl virus. Likewise, mild and transient 
symptoms of respiratory infection occurred 
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in some chickens in each of the three groups 
Isolation of NDV from tracheal swabs made 
on chickens of the DC group on the fourth 
day after the first possible exposure, and 
from the AC group on the fourth and fifth 
days, also provided evidence that the chal- 
lenge virus had become established in the 
respiratory tract of the chickens. 

Approximately equal quantities of serum, 
from the blood samples obtained for the 
prechallenge HI tests, were pooled for se- 
rum-neutralization tests. The pooled serum 
nad a NDV-neutralizing capacity of 10* 
embryo Ld... per 0.05 cc. when tested against 
NDV strain Ky-201. Under the conditions 
of this experiment, in which significant 
virus-neutralizing antibody was present in 
the chickens subjected to challenge ex- 
posure, the infectious process was reduced 
in severity to such an extent that system 
illness and fatal infection did not occur in 
anv of the chickens. The efficiency of this 
protection was shown by the fatal infection 
of 34 of 35 susceptible chickens, 7 weeks 
old, receiving intranasal inoculation of 0,05 
ce. of the same embryo passage of the GB 
strain of NDV. The susceptible chickens 
were four weeks younger than the Bl va 
cinated group, at the time of exposure. An 
aye factor of four weeks, however, does not 
adequately explain the difference in sus- 
ceptibility 

In explanation of the resistance to fatal 
or systemic infection of the Bl-vaccinated 
chickens, it appears that the circulating 
antibody was effective in limiting the extent 
of the reinfection. The capacity of the GB 
strain of NDV to cause generalized paraly- 
sis of nearly all of the infected susceptible 
chickens* further emphasizes the limited 
extent of the reinfection. If the initial point 
of attack by NDV is the respiratory mu- 
cosa, the presence of only mild respiratory 
symptoms and the isolation of NDV from 
tracheal swabs suggest that the reinfec 
tion was limited to the respiratory tract. In 
this event, it may be reasoned that the 
epithelial surfaces of the respiratory tract 
were in a susceptible condition which per- 
mitted establishment and growth of NDV. 
Further invasion by the NDV, however, ap- 
peared to have been prevented by the circu- 
lating antibody and systemic infection did 
not occur. For the exanthematous diseases 
and influenza of man, a similar mechanism 
of immunity and reinfection was presented 
by Francis.’ 
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If the anamnestic response resulting from 
challenge exposure in a group of chickens 
vaccinated by intranasal inoculation with 
the B1 strain of NDV may be regarded as 
evidence of reinfection, unpublished data* 
indicate that chickens intra- 
nasally at 1 day of age have been-reinfected 
forty days later with NDV strain Ky-50, 
and chickens vaccinated intranasally at 3% 
weeks of age have been 


vaccinated 


reinfected seven 
weeks later with the Bl strain of NDV, but 
chickens vaccinated at 5 weeks of age were 
not reinfected four weeks later with NDV 
strain Ky-50. Chickens vaccinated intra- 
muscularly with the Bl virus at 5 weeks of 
age showed serologic evidence of reinfec- 
tion with virus Ky-50 eighteen days later 
Intratracheal challenge employed in 
all of these groups. 

It appears that the reinfection occurring 
in chickens strain 
of NDV may not be a problem in regard to 
mortality and systemic illness of the affect- 
ed chickens. Except for very mild symp- 
toms of respiratory infection, infrequent 
sneezing or coughing in some chickens, the 
reinfection has subclinical. Chickens 
challenged with virulent virus at nine to 
eleven weeks following intranasal vaccina- 
tion under 1 week of aye have, with very 
few exceptions, shown no effect on activity 
or feed consumption as a result of the re- 
infection.2. Hitchner and Johnson,' 
Hitchner® have ebtained similar 
from challenge exposure for periods as long 
as one year following vaccination of day- 


old chickens. 
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SUM MARY 


Chickens hatched from susceptible hens 
and vaccinated at 3 weeks of age by intrana- 


WALLACE 


sal inoculation with the Bl strain of NDV 
were reinfected with the GB strain of NDV 
at fifty-one days following vaccination. Re- 
infection was accomplished by intranasal 

IN), direct contact (DC airborne 
contact (AC) exposure. 

The anamnesti 
tination-inhibition HI following 
intranasal challenge exposure of Bl-vac- 
cinated chickens which have lost the demon- 
strable HI antibody from 
cination is indicative of active reinfection 
by NDV. The subclinical 
in nature and appeared to be limited to the 
respiratory tract. The 
serious as a cause of and mor- 
tality, but implications in the 
epizootiology of Newcastle disease 


and 
response of hemagglu- 


titers 


resulting vac- 


reinfection was 


reinfection was not 
morbidity 


may have 
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The high-pressure mercury are of the Scopicon is the 
brightest light source ever employed for microprojection. 
The focal spot employed is roughly 1 mm. square: its pin- 
point character permits flickerless projection of crisply de- 
tailed images up to ten feet across even under oil-immersed 
microscope objectives. The white color exhibits the various 
biological stains to splendid advantage May we send you 
the brochure describing this versatile new instrument? 


The projectionist can follow a specimen through @ progressive series of 
ever-closer localizotions, from its gross aspect to its vitimate microscopic 
demonstration under oil-immersed objectives. 
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imege is cast in @ dark-chomber table height 
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